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Planning your cropping program in season 2001 
Dr Ross Kingwell, Agriculture Western Australia and University of Western Australia 
SUMMARY 
Recent poor seasons have left many farmers with depleted cash reserves, lower farm equity and an 
increased need for seasonal finance.  To assist farmers to improve their financial positions this plenary 
paper outlines a range of recovery principles. 
The principles constitute general guidance for farm business management in season 2001 and range 
from simple ideas such as the need to ‘stay positive’ through to potentially more complex ideas such 
as ‘understanding the profit drivers of the farm business’.  For farmers and their advisers to apply 
these principles successfully requires tailoring them to specific farm situations.  
INTRODUCTION 
During the 1990s many farm businesses switched to greater cropping and experienced a string of 
favourable and profitable seasons.  However, in recent years many farmers have experienced an 
erosion of profit margins and, in season 2000, outright losses.  Many farmers now have depleted cash 
reserves, lower farm equity and a greatly increased need for seasonal finance.  Many live in 
communities stretched by stress and affected by belt-tightening.  How can farmers and their advisers 
facilitate the recovery of farm financial health in season 2001? 
RECOVERY PRINCIPLES 
Identify the key influences upon farm profitability that can be affected by business 
management 
One of the best services that can be provided to a farm business in season 2001 is knowledge of the 
main profit drivers of the farm business, and the identification of which drivers are influenced by farm 
management.  If farmers know the main profit drivers of their business then they can more effectively 
and profitably focus their efforts and expenditures.  They are better able to secure or accelerate the 
financial recovery of their farm business. 
In practice this means that the best thing some farmers could do in season 2001 would be to acquire 
the services of a farm business analyst so that they better understand the true nature of their farm 
business.  For some farmers it would mean working more ‘on their business’ rather than working ‘in 
their business’.  This means spending time engaged in reflection and analysis rather than being busy 
with the constant flow of the farm calendar.  In a planning context it means being strategic rather than 
simply reacting to daily or weekly events. 
Figure 1 illustrates the role of various profit drivers for a case study farm1.  There are a range of 
assumptions and limitations to the interpretation of the data in Figure 1 but it's a useful summary and 
starting point for discussion about how farm profit for this case study farm might be best influenced in 
season 2001. 
For the case study farm illustrated in Figure 1 it's fairly clear that trying to reduce the cost of shearing 
or raise the yield of canola is not going to deliver much extra profit.  By contrast locking in a higher 
than expected wheat price, or using an improved portfolio of wheat varieties to increase wheat yield is 
likely to deliver substantial profit benefits.  The role of those supporting and advising farmers in season 
2001 is to ensure that farmers can focus on their profit drivers and make better decisions that 
accelerate their financial recovery. 
 
1  The format of Figure 1 is based on commercially available software. 
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Figure 1. Profit drivers for a case study farm. 
The cost to farmers of not identifying how best to influence their farm profit in season 2001 is that they 
risk spending their time and resources ineffectively, to the detriment of their businesses and their 
families. 
Plan a flexible cropping program 
Unfolding seasonal conditions, along with the resource constraints imposed by land use and outcomes 
in previous seasons, will all influence the appropriate enterprise mix of a farm in season 2001.  
Already in late January parts of the northern and eastern wheatbelt have had substantial rainfall.  
Some soils in these regions can store this moisture to facilitate subsequent crop growth.  Climate 
predictions with no skill suggest that it is unlikely for the growing season in 2001 to be as dry as in 
2000.  The best mix of varieties and crop types in a season with an early break is different from that in 
a season with a very late break.  Farmers need to ensure they have access to a range of varieties and 
crop types suited to the range of seasons possible in 2001.   
Preparing farm budgets for different sorts of cropping programs is also a useful in revealing whether or 
not working capital, seed stocks and stored inputs are sufficient.  Where working capital is limited it 
may be feasible to reduce some inputs with little impact on crop yield.  For example, where soil 
phosphorus levels are high, maintenance applications of superphosphate may be foregone to save 
money by living ‘off the super bank’.  Expenditure on some inputs, like nitrogenous fertilisers, can also 
be adjusted up or down, as the nature of the season is revealed.  If farmers rigidly adhere to a 
cropping program and particular input levels, they risk missing out on the benefits of ‘playing the 
season’. 
It's also worth, well in advance of crop sowing, to undertake a thorough maintenance of cropping gear 
so that risks of breakdown or costs of unpreparedness are reduced.  Before the sowing period it is 
useful to think about the workload and activity sequence of the cropping program.  It can lead to 
farmers anticipating problems and identifying better solutions and being less stressed during the 
sowing period. 
Profit Drivers
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Know your planning horizon 
For some farmers season 2001 will be a ‘make or break’ year so their planning horizon is one season.  
These farmers need to make decisions that give them maximum return in season 2001.  For farmers 
with longer planning horizons they can focus on using rotations and enterprise sequences that offer 
reasonable returns in 2001 as well as in subsequent years.  These farmers can invest in setting up 
some paddocks for seasons 2002 and 2003. 
Knowing your planning horizon is part of knowing yourself.  Near the reflection pond at the University 
of Western Australia are carved the words ‘know thyself’.  It's important that farmers and their advisers 
know what they're good at and what they're not.  The attitude, skill and knowledge of a farmer and 
their advisers can influence how successful or not are particular aspects of the farm business.  In 
times of adversity it's often better to build from what you are already good at, rather than launch into 
unfamiliar activities with serious downside risk. 
Spread your risk 
Maintaining a complementary mix of enterprises can generate profit and spread price and production 
risk.  Diversifying your income sources (on-farm and off-farm as well as livestock and crops) is often a 
useful business strategy for long-term survival. 
Some people think that diversification and risk management are part of modern management.  They're 
not; they're part of good, old-fashioned management. 
"My ventures are not in one bottom trusted, 
nor to one place; nor is my whole estate 
upon the fortune of this present year; 
Therefore, my merchandise makes me not sad." 
(Merchant of Venice, Act 1, scene 1) 
One advantage of maintaining a portfolio of farm enterprises is that you don't expose the business to 
price vagaries of one commodity market.  Also price movements for commodities can be negatively 
correlated (see Table 1) which helps smooth the impacts of price fluctuations upon farm revenue. 
Table 1. Correlation matrix for de-trended real prices of major agricultural commodities 
 Wheat Wool Lupins Canola Lamb 
Wheat 1     
Wool -0.32 1    
Lupins 0.07 0.08 1   
Canola 0.66 -0.19 -0.40 1  
Lamb 0.62 -0.23 0.39 0.38 1 
Source: Based on an annual price series for the period 1984 to 1997 published in ABARE Australian 
Commodity Statistics 1998 and earlier issues as well as ABS data. 
Having touted the wisdom of diversification, I should draw attention to the costs of excessive 
diversification.  There are adjustment costs in re-shaping the mix of enterprises on a farm, particularly 
with large changes in enterprise mix.  The time required to master a new enterprise often means less 
time devoted to maintaining and properly managing traditional enterprises.  Each additional enterprise 
that is added to the farm business brings with it the need to keep abreast of market and technical 
changes and to manage the enterprise and rotational sequences across the farm.  In some cases, 
more does not necessarily mean better. 
It's worth noting that, at least compared to their interstate colleagues, Western Australian farmers face 
relatively low levels of yield risk; even accounting for season 2000!  As shown in Table 2, for the main 
crops of wheat and barley, Western Australian farmers experience far less yield variation.  This greater 
dependability should provide farmers and their advisers with greater confidence of reasonable 
outcomes when plotting recovery strategies. 
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Table 2. Measures of yield risk faced by Australian farmers for major agricultural crops:  coefficients 
of variation of de-trended yields (%) 
Crop Region 1970 to 2000 1970 to 1985 1985 to 2000 1990 to 2000 
Wheat NSW 22 21 22 26 
 Vic 20 23 17 19 
 Qld 34 34 33 36 
 WA 13 15 12 11 
 SA 18 20 15 13 
Barley NSW 17 17 17 28 
 Vic 20 19 20 29 
 Qld 31 29 32 34 
 WA 10 10 11 11 
 SA 14 17 11 14 
Sources: Based on de-trended yield series published in ABARE Australian Commodity Statistics 1999 and 
earlier issues, Australian Crop Report No. 116 plus data in various Year Books for each State. 
Don't be too afraid to spend money: you need to spend money to make money 
Sure season 2001 will involve belt-tightening but remember it's false economy to skimp on inputs 
(e.g. weed control and fertilisers) that can significantly improve yields or returns.  Some farmers may 
feel better off because they've saved some expenditure; but the reality might be that they've foregone 
a lot of income that would have been generated by the expenditure.  It's important to spend on inputs 
that generate the highest return.  Farming in season 2001, for many farmers, will be all about obtaining 
the best margins on land use in each paddock. 
Having said that farmers should not be too afraid to spend money in season 2001, I now want to turn 
to situations where it's likely to be unwise to spend money. 
Now is not the time to be investing in large-scale adoption of novel crops 
When funds are tight it's usually wiser to invest in crops with which you are familiar and which display 
yield and price stability.  Growing wheat for some farmers may be preferable to growing canola or 
chick peas.  Let's be clear, I am not advocating that all or most farmers should cease production of 
more risky crops such as canola or new alternative legumes.  I am saying, however, its unprofessional 
to advocate to some farmers, simply on the basis of gross margin calculations, that they should invest 
heavily in production of risky crops with which they may have limited management experience. 
Identify the paddocks or parts of paddocks where your net returns to cropping are 
likely to be low 
There are paddocks with potentially high weed burdens requiring expensive treatments, low fertility, 
potential disease problems and low yield prospects.  In these paddocks a lot of money might need to 
be spent on seed, herbicides and fertilisers to ensure reasonable yields.  These are the paddocks or 
parts of paddocks that farmers should consider not including in their season 2001 cropping program.  
Leaving out those paddocks will help reduce peak debt and might actually increase profits.  
In assessing these paddocks farmers need to ask first, what will it cost to crop the paddock?  Then 
ask, what must the paddock yield to cover that cost?  If there's little chance of getting that break-even 
yield then leave that paddock (or its worst parts) out of the cropping program. 
Take the case of 3 paddocks shown in Table 3.  Each paddock is 200 hectares. 
Table 3. Paddock data 
 Paddock 
 A B C 
Expected yield (t/ha) 1.85 1.6 1.25 
Costs of production ($/ha) 170 195 185 
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Assuming a farm-gate wheat price of $170/t then the profit and total expenditure associated with 
sowing various paddock combinations is shown in Table 4. 
Table 4 illustrates that including paddock C in the cropping program only increases profit by $6,000 yet 
it greatly increases cropping expenses by $37,000.  If working capital is restricted then planting only 
the better paddocks (A&B) will generate reasonable profit and lessen input expenditure ($73,000 vs 
$110,000). 
Table 4. Profit and expenditure from sowing 
 Sow paddocks 
 A only A & B A, B & C 
Profit ($'000) 29 44 50 
Expenditure ($'000) 34 73 110 
In real life exactly how a farm's profit and expenditure will be affected by leaving out paddocks 
depends on the characteristics of that particular farm business.  Note that leaving out a paddock from 
the cropping program will still require some money to be spent on the paddock.  Low-cost weed 
control and grazing costs will be incurred perhaps to set the paddock up for cropping in season 2002.  
Farm management consultants are best placed to assist farmers with decisions about cropping 
programs and paddock selection.  The general principle, however, is that not cropping the worst 
paddocks is likely to be a preferred strategy when finances are tight. 
Second-hand doesn't always mean second-best 
If a farmer needs to make essential purchases of machinery, vehicles and equipment for season 2001 
then brand-new purchases may not be the best use of funds.  Sometimes second-hand is not second-
best, especially when funds are tight.  Consider the case where a family car2 must be purchased and 
there are two options; buy a brand new car or a two-year old one with an odometer showing 
50,000 km and one year remaining on a three year warranty.  Table 5 shows the cost comparison. 
Table 5. New versus second-hand family cara 
 New Secondhand 
 $ $ 
Purchase cost 33,500  21,500  
Value after 150,000 km 16,000   
Value after 200,000 km  10,000  
Depreciation 17,500  11,500  
Extra repairs and maintenance  1,200  
Interest 9% over 3 years 9,045  5,805  
Extra 6 months licence  300  
Extra insurance 800   
Cost comparison 27,345  18,805  
Difference 8,540   
a  Source: Based on Table in ‘Agribusiness Decision’ Vol. V30 F9 October 2000. 
The data in the table show that the farmer would save $8,540 over the three years by buying the car 
second-hand.  That is the farmer would have $8,540 extra to spend on other farm inputs or other 
things for the family. 
 
2  This example is based on an illustration by Peter Hackett in ‘Agribusiness Decision’. 
 6 
Get the best from your input expenditure 
There are a number of ways a farmer can stretch the input dollar.  Use family labour rather than 
contract labour.  Defer asset replacement, where possible.  Shop around to obtain the lowest price for 
key inputs of fertilisers and chemicals.  Form a machinery syndicate to reduce ownership costs of 
some cropping gear (e.g. grain grader, deep tillage gear, hay baler).  Re-negotiate longer terms for 
hire purchase agreements and leases. 
Liquidating off-farm assets to provide cash for the cropping program isn't necessarily 
sound business 
Where off-farm investments (e.g. shares, rental properties) are performing better than the farm 
investment then it may be better to leave the off-farm investments alone.  To cash in such off-farm 
assets may simply mean transferring money into an activity (farming in season 2001) that is more risky 
and less profitable!  However, if a farmer has a non-performing asset (e.g. a Perth unit that is not 
appreciating much and that is rented occasionally), then maybe now is the time to cash it in. 
Seek good advice and improve your technical and market knowledge about cropping 
and livestock 
Obtaining reliable information and acting on sound advice can increase the prospects for successful 
cropping and livestock programs in season 2001.  Consultants often have insights and knowledge 
worth paying for.  Crop management is always evolving so it's worthwhile to maintain your practical 
knowledge.  Markets and marketing opportunities can change, often rapidly, so it's often worthwhile 
having access to information or people to assist you to capitalise on opportunities. 
Some information (e.g. disease and pest identification and management, climate forecasts, price 
forecasts, market analyses) can be gathered cheaply from a variety of sources.  Even networking 
opportunities such as this event have their place in information dissemination. 
Stay positive 
Experience suggests that being positive has it's own rewards and leads to better decision-making.  
Being too pessimistic and negative can lead to foregone opportunities. 
Beware of 'one glove fits all’ strategies 
Each farm business has its own unique resources of paddock histories, skills in enterprise 
management, machinery and labour availability, financial resources and tax position.  How all these 
resources are best combined to the maximum advantage of the farm business typically involves 
individual strategies for individual farms.  So question broad advice like ‘don't spend too much’ or ‘crop 
more’ or ‘get into sheep’ or ‘sell off-farm assets’.  Get advice tailored to your farm situation and discuss 
options with your family to ensure sound decisions are made in season 2001. 
CONCLUSIONS 
Because many farm businesses have been weakened by the outcomes of last season, management 
decisions in season 2001 will be particularly important in reviving farm financial health.  The recovery 
principles advanced in this paper are not a simple recipe for success but rather a checklist that 
requires shaping and tailoring to each farm business. 
ACKNOWLEDGEMENTS 
In preparing this paper the author has benefited from reading a range of material from ‘Agribusiness 
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Can we produce high yields without high inputs? 
Wal Anderson, Centre for Cropping Systems, Agriculture Western Australia 
SUMMARY 
Cash flow for cropping in 2001 is likely to be limited.  The principle of using the simple, low-cost 
management practices first should be emphasised.  High-input, as distinct from high-yield practices, 
should be used sparingly, but new technologies developed in the last decade could be considered for 
incorporation into the system if costs can be kept low. 
HISTORICAL 
The concept of high-yield packages (HYP) was introduced to Western Australia in the late 1980s.  It 
was instrumental in increasing crop yields because local farmers understood that they could make the 
suggested changes according to their means, but did not feel that they had to adopt all of the package 
at one time. In addition, the idea was supported by local research.  
The first HYP was built on pre-existing research results that were widely accepted as essential for 
increased yields but that had not all necessarily been incorporated into practical cropping systems.  
Phosphate fertilisers and trace elements, legume rotations, grass weed control for root disease 
management, and farming according to soil type were taken as the essential starting points for a 
successful crop.  Matching the variety to the sowing time, choosing a high-yielding variety and 
increasing nitrogen and seed rates were then added to the formula according to local experience and 
perceived potential yield. 
WHY REVISIT THE CONCEPT IN 2001? 
1. There has been a failure in some quarters recently to distinguish between high-yield and 
high-input packages.  I believe that the high-yield concept should be built on changes that are 
essentially low cost.  Adoption of the concept should be based on making the least cost 
changes first and only advancing to the more expensive changes once confidence in the 
package has been established and yields have risen to a level that will support more costly 
inputs.  High inputs, such as multiple sprays to control pests and diseases, can only be justified 
on high-yielding crops when economic spray thresholds have been exceeded. 
2. The 2001 cropping season follows one or more sub-optimal seasons for Western Australian 
growers.  Under these circumstances cash flows are likely to be lower than usual and 
management decisions become quite sensitive.  On the one hand maximising yield and quality 
will be highly desirable but on the other expensive inputs cannot be supported.  The best return 
for expenditures of time and money will be critical.  
3. It is now about ten years since the first HYPs were demonstrated.  There have been several 
important developments in that time that can clearly contribute to increased yields or reduced 
costs.  The aim of this paper is to promote discussion of the management factors that should 
form part of the HYP for 2001. 
WHICH FACTORS FIRST? 
The package experiments conducted in the mid and late ‘80s in the central wheat belt, showed that if 
just one factor was changed to improve the existing system, sowing in mid-May compared to early 
June gave the best yield increase.  The next yield increase came from applying nitrogen fertiliser and 
only after both those factors were changed was there a yield increase from switching to the new semi-
dwarf varieties (Table 1).  It should be observed that the only part of the HYP that could be considered 
a high-input compared to the traditional methods used at that time was the addition of nitrogen.  
Sixty-eight per cent of the overall yield increase was due to improved crop management and only 32% 
due to improved varieties in these experiments (Table 2).  
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Table 1. Yield responses to improved management [328 mm, Ypot. = 4.96 t/ha] 
Treatment Yield (t/ha) 
June sowing, 0N, 40 kg/ha seed, tall variety 2.58 
May sowing 3.07 
May sowing, 80 kg/ha N 3.61 
May sowing, 80 kg/ha N, semi-dwarf variety 4.78 
Table 2. Yield improvements from agronomy and variety [data mean of 7 sites] 
 
Tall variety 
Semi-dwarf 
variety 
Increase due to 
variety 
Old agronomy 2.62 2.69 0.07 
New agronomy 3.05 3.62 0.57 
Increase due to agronomy 0.43 0.93  
The reason for dragging these results out in 2001 is to illustrate the principle of building on what is 
known (doing the simple things well) and that low-cost improvements can contribute substantially to 
yield.  The use of high inputs of chemical sprays can sometimes be economic but only when grain 
yields are high, and probably over 3 t/ha. 
WHICH PACKAGE IN 2001? 
In the last decade there have been several developments that could be considered essential for high-
yielding crops.  Soil amelioration with either lime or gypsum can give benefits in the longer term, zero 
tillage will ultimately save fuel costs and give flexibility at sowing, high seed rates will assist the crop to 
compete with weeds, balanced nutrition based on soil and/or tissue tests can save money and/or 
improve yields, and the judicious use of fungicides and insecticides can be useful when potential 
yields and threats are high.  There is little objective information to show how these factors could be 
integrated into the cropping program.  It is suggested that the principle of lowest cost changes first, 
should be applied in 2001. 
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Local and interstate wheat variety performance and 
$ returns to WA growers 
Eddy Pol, Peter Burgess and Ashley Bacon, Agritech Crop Research 
KEY MESSAGE 
In the past the majority of wheat varieties grown in Western Australia were bred and tested by 
Agriculture Western Australia.  In recent years we have seen the introduction of new varieties into WA 
by other organisations from across Australia.  This work looks at the performance of these 
introductions in comparison to locally bred varieties across a range of environments. 
The varieties were tested under current best practise management systems being used by farmers, 
which are specific to soil type, rotation, herbicide and establishment systems.  The varieties were 
compared for yield, quality and economic performance.  The economic analysis gives a single dollar 
value that takes into account yield, quality and other parameters. 
METHODS 
Five sites and two times of sowings at each site were established in 2000.  The seasonal conditions in 
2000 meant that the first time of sowing was delayed until mid June at a number of sites.  All varieties 
were sown at 75 kg/ha.  Summit No Till at 100 kg/ha was applied at seeding as a basal fertiliser and 
Urea at 100 kg/ha was applied at 4 weeks after sowing.  Appropriate weed control was applied at each 
site to ensure weed competition did not affect results.  To get a good indication of the variety 
performance under all seasonal conditions no fungicides were applied to the trials. 
RESULTS 
Only the first time of sowing at two sites will be reported in this paper.  Other results have been 
e-mailed to industry people and are available on the web at http://www.agritech.com.au.  The site 
details for the trials reported are: 
Trial location Bolgart South Dowerin 
Crop rotation 1999 Sub. clover dominant pasture  Sub. clover pasture 
Soil type Sandy gravel Salmon gum loam 
Sowing date 18 May 2000 18 June 2000 
Yield 
An analysis of variance was conducted on yield results.  A Least Significant Difference (LSD) was 
calculated with a confidence interval of 95% and is displayed in the results. 
Grade classification 
A single sample of each variety was retained at harvest and analysed by CBH for protein, hectolitre 
weight and screenings.  A grade was allocated based on the AWB varietal classification and the 
results of the quality analysis. 
Gross income 
A price taking into account levies, fobbing and rail freight to port was calculated for grain delivered to 
CBH under the AWB Golden Rewards payment system.  Gross pool quarterly payments, i.e. nett of 
financing and underwriting charges ($/t, GST Exclusive) were combined with yield (t/ha) to calculate 
income ($/ha) for each variety. 
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Bolgart 
Variety Yield 
(t/ha) 
Yield as % 
Carnamah 
Protein 
(%) 
Screen. 
(%) 
Hectolitre 
weight 
Payment 
grade 
Income 
($/ha) 
RAC892 4.28 108% 10.3 5.7 82.8 APW $765 
Frame 3.96 100% 10.2 6.4 83.9 APW $700 
Brookton 3.96 100% 10.3 8.4 77.7 APW $686 
Carnamah 3.95 100% 9.9 7.6 82.2 AH $679 
Camm 3.94 100% 10.2 8.9 83.9 APW $676 
Perenjori 3.65 92% 11.2 6.2 79.9 APW $669 
Chara 4.00 101% 9.4 8.4 83.7 APW $660 
Calingiri 3.90 99% 10.1 8.5 80.6 ASWN $652 
Nyabing 3.64 92% 10.4 6.7 82.4 ASW $627 
H45 3.42 87% 12.0 10.0 81.4 APW $618 
Cadoux 3.72 94% 9.6 8.1 80.6 ASWN $606 
Cunderdin 3.64 92% 9.4 8.6 81.8 APW $599 
RAC873 4.00 101% 10.3 13.4 77.2 AGP $572 
RAC868 3.89 99% 9.6 10.2 80.4 AGP $561 
Yitpi 4.02 102% 9.4 11.6 78.9 AGP $559 
Westonia 3.46 88% 9.9 10.1 78.9 AGP $510 
Kukri 3.20 81% 10.4 11.6 82.4 AGP $471 
WAWHT2046 2.59 66% 11.9 9.7 84.0 APW $467 
Arrino 2.60 66% 11.6 8.7 78.1 ASWN $455 
WAWHT2137 2.94 74% 10.8 10.1 82.4 AGP $447 
Stiletto 3.17 80% 9.0 13.8 79.5 AGP $422 
Wollaroi 2.52 64% 10.8 7.3 79.2 ADR3 $404 
Kalgarin 2.81 71% 10.1 14.4 79.6 AGP $393 
Baxter 2.93 74% 8.5 10.6 79.5 FEED $391 
Amery 2.41 61% 10.1 12.7 71.7 AGP $348 
Yield LSD (P = 0.05) = 0.3232 Yield CV (%) = 5.65    
South Dowerin 
Variety Yield 
(t/ha) 
Yield as % 
Carnamah 
Protein 
(%) 
Screen. 
(%) 
Hectolitre 
weight 
Payment 
grade 
Income 
($/ha) 
Westonia 1.99 121% 13.9 6.8 77.3 APW $378 
Arrino 1.84 112% 14.2 3.2 80.7 ASWN $344 
Carnamah 1.65 100% 14.9 2.8 81.1 AH $343 
WAWHT2137 1.77 108% 13.5 4.8 81.3 APW $343 
RAC873 1.77 108% 14.7 5.6 80.6 APW $341 
Kennedy 1.65 100% 13.7 4.1 78.9 APW $323 
Camm 1.67 101% 14.5 5.1 81.6 APW $322 
Amery 1.65 100% 13.1 6.9 77.1 AH $320 
RAC868 1.64 99% 14.6 4.3 81.0 APW $319 
Yitpi 1.56 95% 14.8 3.1 80.3 APW $309 
Calingiri 1.62 98% 13.5 3.7 82.7 ASWN $301 
Brookton 1.50 91% 14.1 3.2 79.8 APW $297 
Stiletto 1.47 89% 15.2 3.8 80.9 APW $289 
WAWHT2046 1.49 90% 15.0 6.2 77.8 APW $284 
Mulgara (JM73) 1.44 88% 14.7 4.2 82.0 APW $282 
Baxter 1.42 87% 15.7 4.5 79.6 APW $277 
Frame 1.36 83% 14.4 2.0 82.9 APW $273 
Mitre 1.45 88% 14.1 9.6 80.8 APW $267 
Cadoux 1.42 86% 14.5 3.1 79.8 ASWN $266 
H45 1.97 120% 14.0 15.9 79.4 FEED $259 
Chara 1.40 85% 14.3 9.7 80.2 APW $258 
Giles 1.28 78% 14.5 6.7 81.6 APW $242 
QT7709 1.24 75% 14.8 6.2 80.5 APW $237 
Cunderdin 1.70 103% 14.9 22.6 77.8 FEED $223 
Wollaroi 1.15 70% 16.0 7.7 79.2 ADR3 $198 
Yield LSD (P = 0.05) = 0.2475 Yield CV (%) = 9.59    
Project No.: GRDC AGT17 
Paper reviewed by: Peter Carlton 
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Soil management of waterlogged soils 
D.M. Bakker1, G.J. Hamilton2, D. Houlbrooke1 and C. Spann3, Agriculture Western 
Australia, 1Albany, 2South Perth, 3Mount Barker Research Station 
KEY MESSAGE 
Raised beds are used successfully to prevent waterlogging, resulting in an increase in runoff.  Better 
aeration and lower bulk densities of the root zone of the raised beds proved even in a drier than 
average year to be beneficial and resulted in some large increases in yield.  In the 2000 growing 
season more than 6000 ha of crops were grown on raised beds in the Esperance region and 
elsewhere. 
AIMS 
Waterlogging has long been recognised as a major constraint to crop growth in the South West of 
Western Australia (WA).  Waterlogging is a result from seasonally perched water tables in duplex 
soils, which are caused by winter rainfall exceeding evapotranspiration and the storage capacity and 
drainage rates of the soils.  Surface drains installed to alleviate transient waterlogging have little 
success.  Raised beds provide short drainage pathways, large hydraulic gradients and improve lateral 
water movement into drains (furrows), resulting in aeration of the root environment and improved plant 
growth.  One of the aims of this research project, presented in this paper, is to test the functionality of 
raised beds on waterlogged shallow duplex soils.  This paper describes the results of the fourth year of 
a five year project. 
METHODS 
In 1999, nine sites were cropped at Quairading (Q), Beverley (B), Lake Toolibin (LT), Woodanilling 
(W), Badgebup (BP), Cranbrook (CB), Mt Barker (MB), South Stirling (ST) and Esperance (ESP), 
covering a range of soil types and climatic conditions across the South West of WA.  Two treatments 
were imposed: raised beds and a control with generally 3 to 4 replicates.  The soil types range from 
sand and gravel over clay to a sandy clay loam over grey clay.  Seeding was done with a no-till triple 
disc seeder.  The sites were sown to a range of crops depending on cropping history.  Observations of 
crop productivity made in previous years indicated that furrows contribute only a fraction to the overall 
productivity of the raised beds.  It was therefore decided not to seed the furrows and to concentrate all 
the inputs on the beds.  Changes in the soil water content were collected at CB.  At that site and at B, 
BM and ESP the runoff was measured.  At all sites dry matter production and grain yield data were 
obtained. 
RESULTS AND DISCUSSION 
Waterlogging and runoff 
Changes in the soil moisture content occurring at a depth of 10 cm of the raised beds and the control 
are presented in Figure 1A whilst the runoff from various sites is presented in Figure 1B. 
Figure 1A shows that the moisture content at 10 cm depth of the raised beds never exceeded 
0.28 cc.cc-1, whereas at the same time the control frequently reached saturation at 0.35 cc.cc-1 
throughout the August-September period which is two to three months after seeding.  The crop is then 
at a stage where it is susceptible to waterlogging (Cannell et al. 1980).  Facilitating and improving 
surface drainage generally increase runoff.  Our observations confirmed that.  The raised beds 
produced more runoff than the control.  Most of the runoff occurred at the CB site with 96 mm from the 
raised beds which is 40% of the rainfall that fell during the period of observation.  An increase in 
surface runoff from the raised beds would mean that a smaller amount is available for recharge.  The 
use of raised beds in some areas could therefore contribute to the reduction of recharge in the attempt 
to reduce the threat of salinity. 
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Figure 1. Changes in the soil moisture content at 10 cm depth of the soil profile of the control (C2) and 
the raised bed (RB) treatment and the growing season rainfall received at the Cranbrook site 
(A); Runoff from various sites and the total rainfall received at those sites over the period of 
observation (B). 
Productivity and economics 
The yield of the various crops on the raised beds and the control is presented in Table 1a and the soil 
bulk density at various depths at Beverley and Woodanilling in Table 1b. 
Table 1a. Yields for 2000 growing season 
 RB = raised bed, C = control 
Table 1b. Average soil bulk density 
 RB = raised bed, C = control 
Site Crop RB, T/ha C, T/ha %    Beverley  Woodanilling  
Q 
B 
Barley 
Wheat 
0.98 
1.55 
1.78 
1.18 
-54 
31 
  RB,  
gr.cm-3 
C,  
gr.cm-3 
RB, 
 gr.cm-3 
C,  
gr.cm-3 
LT Peas 0.48 0.44 9    0-10 1.64 1.65 1.54 1.69 
W Wheat 1.93 1.02 89  10-20 1.67 1.85 1.52 1.92 
CB Lupins 0.34* 0.29* 15  20-30 1.90 1.95 1.79 1.85 
BD Wheat 0.86 0.80 8       
MB Wheat 2.01 1.97 2       
ST Canola 1.96 1.96 0       
ESP Lupins 0.95 0.50 90       
*  Severely affected by salt, depth of seeding and delayed harvesting. 
Lack of finishing rains suppressed the yield at all sites.  Heavy summer rainfall in Quairading (Q) and 
poor drainage of the paddock affected the salinity profiles in the raised beds to the extent that the rows 
of barley growing on the edge of the beds did not mature thus reducing the yield on the beds.  Lower 
soil bulk densities at all depths in the raised beds as well as less saturated conditions in the top 10 cm 
(Figure 1) provided better conditions for root growth in the beds and led to significant yield increases in 
Woodanilling (W) and Beverley (B) and to a lesser extent at Badgebup (BP) and Mt Barker (MB).  A 
substantial increase in yield was also achieved in Esperance.  The ESP site is located in an area 
which is too wet to grow lupins reliably based on the average production of the control of 0.50 t/ha and 
historical production data from that site.  However growing the lupins on raised beds increased the 
yield by 0.45 t/ha.  
An economic analysis of the raised bed system using research as well as farmers productivity data 
indicated rates of return, varying from -1% to 105% over a 10 year period, depending on the area 
cropped with raised beds and the increments used to reach the maximum cropped area.  It was found 
using some general assumptions that highly profitable investments in raised bed farming could be 
achieved with areas under raised beds exceeding the 250 ha. 
Depth, 
cm 
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CONCLUSION 
It has been demonstrated that raised beds have a positive impact on the prevention of waterlogging 
and crop productivity under waterlogged conditions as well as under drier conditions.  The positive 
results of the raised bed trials and experiences of several farmers in South Eastern wheatbelt of WA 
with raised beds resulted in a rapid adoption of raised bed systems among growers in that region and 
elsewhere.  Last year more than 6000 ha of raised beds were successfully cropped.  
ACKNOWLEDGEMENTS 
This work has been partly funded by the GRDC.  The support from the collaborating farmers (Messrs 
Shenton, Morrell, White, Thomson, Armstrong, Flugge and Adams) and manufacturers is 
acknowledged and greatly appreciated. 
KEYWORDS 
raised beds, waterlogging, drainage, duplex soils 
Project No.: DAW 500 
Paper reviewed by: Dr Dan Carter 
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Effect of soil amelioration on wheat yield in a very 
dry season 
M.A Hamza and W.K. Anderson, Agriculture Western Australia 
KEY MESSAGE 
• In the very dry season of 2000 significant yield increases came from the interactions between 
deep ripping (DR), gypsum (G), and application of complete nutrients (N) in an experiment on a 
clay loam soil at Merredin.  Gypsum or nutrients alone did not significantly increase wheat yield. 
• This result is similar to earlier results in average rainfall years where the combination of deep 
ripping, gypsum application and complete nutrients also increased wheat yields, but contrasts 
with these results in that individual components were also effective in the better seasons.  
BACKGROUND 
A package of deep ripping (40 cm), gypsum application (2.5 t ha-1), and complete nutrients (all macro 
and micro essential elements) applied to wheat-legume rotation trials at Merredin (heavy soil), 
Nungarin (medium soil) and Tammin (sandy soil) in 1997 has resulted in significant yield increase for 
both wheat and legumes over three seasons.  The rainfall during these four seasons were around or 
above shire average.  Maximum yield increases were obtained from combination of deep ripping, 
gypsum and nutrients but gypsum and nutrient treatments alone also increased yield significantly.  
Deep ripping by itself increased wheat yield significantly only in the first year of treatment, while it 
either decreased or had no significant effect on yield in the subsequent years.  Similar results have 
been obtained for legumes in the rotation. 
METHOD 
The trial in 2000 was conducted at Merredin Research Station on a clay loam soil, which is massive 
and structure-less with bulk density of 1.64 Mg m-3 and water infiltration rate of 7.1 mm hr-1.  The trial 
consisted of eight treatments as follows:  Control (Con), Deep ripping (DR), Gypsum ( G), Nutrients 
(N) (see Table 1), Gypsum + Nutrient (GN), Deep ripping + Nutrient (DRN), Deep ripping + Gypsum 
(DRG) and Deep ripping + gypsum + Nutrient (DRGN).  The soil was ripped to a depth of 40 cm twice 
in opposite directions using a standard Agroplow with straight shank. The space between tines was 
30 cm.  Gypsum was applied at 2.5 t ha-1 about fourteen days before ripping.  Rainfall between 
gypsum application and ripping was 54 mm.  The trial was sown to Westonia wheat on 1/7/2000. 
Table 1. The quantities of fertilisers used in the nutrient treatment (N) in kg ha-1 
Fertiliser kg ha-1 N P S Mg Cu Zn Mo Mn Co B Fe 
Super phos 100  9.1 11.5         
Agras 1 CZM 150 22.5 11.1 24.7  0.9 0.5 0.1     
MgSO4.7H2O 25.7   3.3 2.5        
ZnSO4* 12.8      2.6      
MnSO4 4.1   0.9     1.5    
CoSO4.7H2O 2.4   0.3      0.5   
Boron PC 4 L          4 L  
Fe-EDTA 2           0.3 
CuSO4 4     1.6       
Urea 16.3 7.5           
Total  30 20.2 40.7 2.5 2.5 3 0.1 1.5 0.5 4 L 0.3 
HEPTA zinc phosphate, contains 20% Zn and 11% S. 
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RESULTS AND DISCUSSION 
After implementing the treatments the water infiltration rate increased by 165, 213 and 271 per cent for 
the DRN, GN and DRGN treatments respectively. 
The annual and seasonal rainfall for the year 2000 was 282 and 113 mm respectively.  Most of the 
rain fell in January (88 mm) and the pre sowing soil water for 40 cm soil depth was 45, 47, 96 and 
97 mm for the N, GN, DRN and DRGN treatments.  Given the fact that the soil texture is clay loam, 
most of the water in un-ripped soils is close to wilting point and not available to the plant.  However, 
due to the fact that ripped soils store almost twice as much water as the un-ripped soils and contain 
larger pores and voids and lose less water through evaporation due to the predominance of macro 
pores over micro pores, they should retain more available water. 
Almost 85% of the seasonal rain (100 mm) fell in the first two months after sowing.  Virtually no rain 
fell during grain filling. 
Table 2 shows the grain wheat yield.  The highest yield increase (159%) was obtained from the DRGN 
treatment.  Neither the gypsum nor the nutrient treatments produced significant increases in yield.  
Although water infiltration rate increased by 165% due to gypsum application, yield increased by only 
31%.  It is obvious that application of gypsum does not change significantly the water holding capacity 
of the soil even though it improved soil aggregation.  Applying gypsum did not increase soil-stored 
water significantly. 
Table 2. Wheat yield in Merredin and the percentage increase in yield relative to the control (CON) 
treatment.  Stat refers to statistically significant (S) and non significant (NS) 
Treatment Yield (t ha-1) % Increase Stat. 
CON 0.63   
DR 0.96 52 S 
G 0.83 31 NS 
N 0.72 14 NS 
GN 0.89 41 S 
DRN 1.36 116 S 
DRG 1.46 131 S 
DRGN 1.63 159 S 
Although the Nutrient treatment provided all essential elements in sufficient amount as indicated by 
soil test, wheat yield was not increased significantly.  This was probably due to insufficient soil 
moisture especially during the grain filling period.  However, combining the N treatment with deep 
ripping and gypsum increased grain yield by over two-fold.  The efficiency of applying all three 
treatments together as a package has clearly been indicated by these results and confirms that soil 
amelioration in this way will lead to significant increase in yield, even in very dry seasons.  It is 
considered that the increased water stored in the soil through the use of deep ripping and gypsum 
allows more nutrients to be dissolved and made available to the crop.  In addition, there is clear 
evidence that ripping plus gypsum has lead to better aggregation and soil structure.  The use of 
gypsum by itself has not lead to good soil structure as indicated by bulk density measurements in 
other experiments in this project.  For field peas grown under similar soil and rainfall conditions in 
2000, the only significant yield increase was produced by the DRGN treatment. 
CONCLUSION 
In the very dry season of 2000 a package consisting of deep ripping, gypsum and complete nutrients 
increased wheat yield on a clay soil at Merredin by 159%.  The increase in yield resulted mainly from 
the interaction of the individual package components.  Considering the data from other experiments in 
this project it is clear that the positive effect of the DR treatment by itself on yield is only short-term.  In 
soils that suffer from deteriorating soil physical properties the maximum effect from ripping, gypsum or 
fertilisers was obtained only when these elements are combined together in one package.  The source 
of yield improvement is considered to be linked to improved soil structure and water stored in the soil 
after the application of this 'package', along with better availability of nutrients. 
Project No.: DAW 343 
Paper reviewed by: Doug Abrecht 
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Fuzzy tramlines for more yield and less weed 
Paul Blackwell1 and Maurice Black2 
1Agriculture Western Australia, Geraldton, 2Harbour Lights Estate, Geraldton 
KEY MESSAGE 
Fuzzy tramlines are a simple low-cost option to put crop into relatively unwheeled tramlines.  This also 
helps to control weeds and erosion and improve gross margins of a Tramline farming system.  
Electronic tramline controllers could make bare or fuzzy tramlines more efficiently.  Full electronic 
guidance and automatic steering would reduce the need for visual tramlines. 
METHODS 
Bare or fuzzy tramlines were tested in 2000 in a trial at Mingenew with farm scale equipment, which 
was integrated into the spraying and spreading operations of the whole farm.  The crop (Stilleto) was 
sown with a 9 m wide airseeder, sprayed with a 36 m wide boom and spread on 18 m width.  All 
operations used 2 m track 600 mm wide tramlines.  The crop was sown into dry soil over moisture on 
a grey sand over gravel on 15 May and established about 110 plants/m2.  Bare or fuzzy tramlines were 
formed.  Fuzzy tramlines were made by spraying the seed from seeder hose towards the ground from 
a height of about 800 mm in front of a frame or airbox wheel.  The wheel rolled the seed into the 
surface soil.  The tramlines had no traffic or 2 passes of spraying or spreading traffic over them during 
the season.  Ryegrass and wheat was measured from hand sampling in the spring.  This method was 
developed from an accidental spraying of seed into tramlines in a 1999 trial of Tramline farming. 
RESULTS 
The yield in the unwheeled fuzzy tramline was about 50% of the unwheeled yield (Figure 1).  The 
number of ryegrass heads in the unwheeled fuzzy tramline was about 60% less than in the bare 
tramline, but the wheeled fuzzy tramlines had no significant ryegrass control.  Perhaps in a better 
seasonal start there would have been opportunity for more vigorous wheat growth to compete with the 
ryegrass after wheeling from spraying or spreading. 
 
 
 
 
 
 
 
 
Figure 1. Yields and ryegrass head densities in either unwheeled crop, bare or fuzzy tramlines (F) with 
different amounts of traffic (O = no traffic; SPD = spreading traffic; SPY = spraying traffic). 
Modelled financial values of different tramline designs 
A computer based model of cropping systems using normal wheeling or forms of Tramline farming 
was used to estimate the financial value of fuzzy tramlines compared with bare tramlines.  More 
details of the model are given in Blackwell (2001) ‘Tramline Farming for dollars’, 2001 Crop Updates.  
The results in Figure 2 show that there is about double the benefit of bare tramlines with no 
compensatory yield if single fuzzy tramlines are used for guidance.  The analysis was simplified to give 
no yield in a spraying tramline; this was more reasonable over a range of crops and for more intensive 
spraying regimes. 
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Figure 2. Cumulative Gross Margin benefit of different tramline designs over four seasons.  Normal 
wheeling overlap is 80% and no benefit from reduced inputs is included.  Bare tramlines are 
shown with or without 60% yield compensation in unwheeled tramlines.  Fuzzy tramlines have 
50% yield in unwheeled tramlines and no yield in heavily wheeled tramlines. 
The gross margins for bare tramlines with 60% compensatory yield was similar to that for the range of 
fuzzy tramline options.  However, compensatory yield from the edge rows of bare tramlines cannot be 
relied upon; we have only found it once in a very wet growing season.  The single fuzzy tramline can 
help control erosion and weeds, be very simple to use and provide a modelled benefit of about $15/ha 
in the first year of wheat after ripping, compared with bare tramlines and no compensation.  We 
estimate that single fuzzy tramlines are much easier to use in round and round operations compared 
with up and back.  Steering to the fuzzy tramlines was practical, but more difficult than bare tramlines. 
CONCLUSION 
This first trial of fuzzy tramlines was in a difficult season for crop establishment.  Nevertheless the 
unwheeled fuzzy tramlines provided about 50% of the unwheeled yield and 60% suppression of 
ryegrass.  Fuzzy tramlines were more difficult to follow when spraying or spreading than bare 
tramlines, but were practical.  Modelled estimates of the effects on the whole system showed a 
Tramline farming system using single fuzzy tramlines could improve gross margins by $15/ha in the 
first year of wheat growing after deep ripping, compared to bare tramlines with no compensatory yield 
from the edge rows.  Electronic tramline controllers can know which tramline is being run by the 
seeder and if it needs bare tramlines for guidance, then a series of solenoids divert the flow of seed to 
the rows accordingly.  Such technology is currently available from Europe.  Full electronic guidance for 
all tractors and automatic steering dispenses with the need for tramlines for visual guidance. However, 
having some form of tramline and electronic automatic steering would be a good insurance for 
occasions when the electronic system may be unavailable. 
ACKNOWLEDGMENTS 
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Tramline farming for dollar benefits 
Paul Blackwell, Agriculture Western Australia, Geraldton 
KEY MESSAGE 
Tramline Farming (TLF) offers improved gross margins of about $30/ha in the year of deep ripping and 
average annual benefits of about $40/ha from a WLWC rotation on the northern sandplain.  Most of 
this benefit comes from compaction control, a smaller but consistent benefit comes from reduced 
overlap.  Extra benefits can come from inter-row weed control in lupins (about $50/ha compared to 
green manuring). 
INTRODUCTION AND METHODS 
The costs of conversion to TLF can vary very widely between farms.  This paper estimates the value 
and timing of benefits to help growers plan financing of modifications and equipment purchases. 
Four seasons of farm-scale evaluations have helped develop and calibrate a model of the effect of 
different machinery systems on compaction, crop production and gross margins.  These benefits are 
based on a common example of cropping machinery, which has a sprayer three times the width of a 
seeder and a spreading width of twice the seeder width.  Unrestricted yields of wheat, lupins and 
canola are 2.5 t, 1.5 t and 1 t/ha respectively, with corresponding prices of $180, $140 and $300/t.  
Yield losses measured from normal wheelings and tramlines are used to calculate gross yield loss per 
hectare in each system.  The model can adjust overlap of normal wheelings in and between seasons. 
Tramline design 
Bare tramlines have problems with weeds and erosion.  In drier seasons on sand they have shown no 
compensatory yield from the edge rows.  60% compensatory yield has been observed in the wettest 
season.  Fuzzy tramlines are practical to make and follow (see other paper) and have shown up to 
50% of unwheeled yield in a poor season.  The model used tramlines with 2 m track 500 mm width 
and an estimated 10% loss in yield from two extra wheelings outside the tramline.  Figure 1 shows that 
the best gross margin benefit, from the best total yield, came from a single fuzzy tramline.  This was 
twice the gross margin benefit of CTF with bare tramlines and no edge compensation.  For better 
seasons and soil fertility, edge compensation of 60% is like fuzzy tramlines. 
 
 
 
 
 
 
 
Figure 1. Cumulative Gross Margin benefit of different tramline designs over four seasons.  Normal 
wheeling overlap is 80% and no benefit from reduced inputs is included.  Bare tramlines are 
shown with or without 60% yield compensation in unwheeled tramlines.  Fuzzy tramlines have 
50% yield in unwheeled tramlines and no yield in heavily wheeled tramlines. 
Relative value in the rotation 
Figure 1 shows that the financial benefits were greater in the later wheat year.  It was less than wheat 
would have been in the lupin year and the canola year due to dry sowing, when little compaction 
occurs below sowing depth.  However the benefits for canola may have been less due to the dry 
seasonal finish in 2000.  Initial equipment more compatible for wheat would be most profitable. 
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Effect of normal wheeling overlap 
Figure 2 shows that overlap between normal wheelings from different seasons can have a strong 
influence on financial benefits for longer periods of the system.  Complete overlap of normal wheelings 
(100% in Figure 2) does not happen, nor does complete missing of previous wheelings.  Trial 
measurements and estimates show a range between 50 and 80% overlap is realistic if the same 
equipment is being used.  This emphasises that about $150/ha can be accumulated over four years 
with normal wheeling overlap.  This is an average increased gross margin of about $40/ha. 
 
 
 
 
 
 
 
Figure 2. Cumulative gross margins for different % overlap between normal wheelings in successive 
years. In the first year the deep ripping has removed previous wheelings.  The broken line is 
the estimated GM increase from deep ripping the normal system in the second wheat year. 
Comparison to re-ripping 
If the soil had been re-ripped in the second wheat year for a response of 30% (83 kg/ha) this would 
have been worth $150/ha less approximately $30/ha costs.  This is an extra gross margin of $120/ha 
in the second wheat year.  Figure 2 has the financial effect of re-ripping superimposed and shows that 
for 80% wheeling overlap TLF offers the same cumulative GM increase over the two seasons since 
initial ripping.  Thus there is no net benefit of re-ripping the normal traffic system compared to adopting 
TLF!  Re-ripping the TLF system from the tramlines (and preserving the tramlines) could be more 
profitable because natural settlement of sands after ripping reduces yield. 
Relative contribution of benefits 
Financial benefits come from reduced fuel use, reduced overlapping of inputs and less compaction. 
Figure 3 shows their relative value over the same four seasons used by the model.  Estimated fuel 
savings effects were almost negligible and only occurred in the year of ripping when the soil was  
 
 
 
 
 
 
 
 
Figure 3. Annual gross margin benefits of either reduced input overlap (3-4%), new compaction; in the 
same season, old compaction; accumulated from previous seasons or fuel savings.  The 
overlap of successive wheelings is 80% and the yield loss from the TLF tramlines is not 
included in the calculation. 
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weakest.  Input savings were consistent, about 15-5% of the benefits from controlling compaction, 
especially in wheat years and in later seasons.  Thus a financial strategy that uses the predictable 
savings from input reduction and the extra benefits from wheat years will be more effective at assisting 
the purchase and modification of equipment for tramline farming. 
Weed control in lupins by inter-row shields (row cropping techniques) 
Current experimentation with Mike Collins and analysis with RIM shows that shields and an in-row 
treatment can control up to 98% of ryegrass in the lupin year and allow a profitable crop of lupins 
without the use of grass selectives.  Thus in comparison to green or brown manuring the crop this can 
be a GM improvement of $150/ha in the lupin year and $50/ha including the following wheat year 
(Blackwell and Obst, paper at Updates 2001).  Such large financial benefits, from equipment that 
some farmers have made themselves at low cost, is attractive to put at the beginning of a conversion 
to TLF to help finance the changes more efficiently. 
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Soil immobile nutrients for no-till crops 
M.D.A. Bolland1, R.F. Brennan1, and W.L. Crabtree2 
1Agriculture Western Australia, 2Western Australian No-Tillage Farmers Association 
NO-TILL CROPPING IN WA 
Frequent or continuous cropping is an economic necessity in the largely sandy surfaced soils in the 
< 500 mm annual average rainfall cropping areas of WA.  Crops in WA were sown when the soil was 
cultivated several times to about 10 cm deep to control weeds and sow the crop, causing much soil 
erosion, and reduced soil structure, soil organic matter and moisture retention of topsoils.  
The development of herbicides to control weeds made it possible to develop no-till cropping in WA; a 
‘quiet’ revolution, largely done by farmers that has greatly improved sustainable cropping in WA.  
Nearly all crops are now sown by no-till in WA.  In the system, the stubble of the previous crop is 
mostly retained, and crops are usually sown with tined or disc machines with minimal soil disturbance 
reducing soil erosion and increasing soil organic matter and moisture retention of the topsoil.  The 
system is continuously being modified to cope with problems as they arise. 
In no-till, it has often proved difficult to sow crops into thick stubbles with tined machines using the 
standard about 19 cm row spacing that maximised grain yields of cereals.  Lupin (Lupinus 
angustifolius), faba bean (Vicia faba), and chickpea (Cicer arietinum) can be sown in rows about 
38 cm apart without reducing grain yields so making it easier to sow these crops.  The same amount 
of seed/ha is sown so more seed is sown in each of the wider rows.  Cereal crops are increasingly 
being sown at about 23 cm row spacings largely because it is easier to sow into thick stubbles.  The 
wider rows may reduce cereal grain yields per ha, but it is possible to sow larger areas at the optimum 
time to maximise grain production per hectare so total grain production on the farm is possibly 
increased. 
PROBLEMS FOR SOIL IMMOBILE NUTRIENTS 
The poor nutrient status of most soils used for cropping in WA resulted in much research to determine 
optimum fertiliser rates and strategies for profitable cropping.  Based on the huge body of data 
generated from the experiments, fertiliser decision support systems were developed to provide 
fertiliser advice.  However, most of the experiments that provided the data were done before the 
development of no-till cropping.  Therefore, the experiments were done when soils were cultivated 
about 10 cm deep to control weeds for cropping, and crops were sown in rows about 19 cm apart. 
Recently it has become common for poor growing no-till crops to provide tissue test values indicating 
deficiency of phosphorus (P), or copper (Cu), or zinc (Zn), for soil tests and fertiliser management 
practices that would have avoided deficiency in the old, multi-topsoil-cultivating system.  P, Cu and Zn 
are strongly retained by soils, so these elements do not move in the soil, and usually remain where 
they were applied as fertiliser, unless the soil is cultivated, though P does leach in deep sandy soils in 
> 450 mm annual average rainfall areas. 
Plant roots can only take up water-soluble forms of all nutrient elements from soil solution.  Therefore, 
soluble forms of P, Cu and Zn can only be taken up by plant roots from moist soil.  There are usually 
extremely small amounts of soluble forms of P, Cu and Zn in soil solution.  Plant roots obtain these 
nutrient elements from the soil by intercepting zones of these elements in the soil as the roots grow 
through the soil.  Once taken up from the soil by plants, P is very mobile in plants, but Cu and Zn are 
not.  Therefore, Cu and Zn need to be continuously taken up by roots from the soil to meet the plant 
demands for these elements for new tissue, including grain, as the plants grow.  The P taken up by 
plants can be moved from old to new growing tissue within the plant later on during growth.  However, 
the plant still needs to take up P from the soil as it continues to grow and develops grain, to meet the 
demands of the new tissue for P that cannot be derived entirely from P already present in the plant.   
Fertiliser P, Cu and Zn applied to crops not only provides these elements in the year of application, but 
in the years after application.  In the years after application, supplies of the nutrient elements from the 
soil come from elements taken up by plants and soil organisms and returned to the soil as organic 
matter, from elements retained as insoluble compounds by the soil, and from undissolved elements in 
fertiliser particles. 
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When applied to crops, P is applied as manufactured granulated fertilisers (single, double, triple 
superphosphate, and the ammonium phosphate fertilisers MAP and DAP) in which 80-90% of the total 
P is water-soluble and so immediately available to plants.  When these fertilisers are applied with the 
seed at sowing (drilled with the seed), 5-30% of the P is taken up by plants; 10-20% remains as 
undissolved P in fertiliser; the remainder is retained by the soil. 
Fertiliser Cu and Zn are mostly insoluble.  When drilled with seed of the first crop on newly-cleared, 
acutely Cu and Zn deficient soils, the fertiliser often supplied insufficient Cu and Zn for grain 
production of that crop, because the fertiliser was concentrated in bands and was intercepted by too 
few roots.  Consequently, Cu and Zn sprays needed to be applied to that crop to avoid Cu and Zn 
deficiency reducing grain yields.  And larger amounts of Cu and Zn were applied to try and avoid 
deficiency for the first crop, with a consequential increase in the level of residual carry over which was 
enhanced by cultivation. 
In the years after application, regular cultivating of the topsoil mixed the P, Cu and Zn applied as 
fertiliser in previous years through the topsoil.  This improved interception of these elements in the soil 
by plant roots in the years after application of fertiliser so improving the effectiveness of fertiliser P, Cu 
or Zn applied in previous years for grain production in the current year. 
For no-till cropping, fertiliser P, Cu and Zn are either spread over the soil surface before sowing, so 
that only a small amount is incorporated into the soil during sowing, or the fertiliser is drilled with the 
seed while sowing 2-4 cm deep in rows 23 or 38 cm apart.  If the same amount of fertiliser is 
drilled/ha, more fertiliser is drilled with the seed in the wider rows so concentrating the soil immobile 
nutrients in fewer rows close to the soil surface.  Most of the fertiliser remains at the soil surface or in 
concentrated bands where it was drilled so it is not as frequently intercepted by plant roots compared 
to when the topsoils were regularly cultivated to about 10 cm. 
Farmers sow and fertilise crops by going around the paddocks starting from the outside edges and 
working inwards to the centre.  For no-till cropping, even if the machine is started so the tines are half 
way between where the rows were last year, the tines still often clunk back into the old rows and so 
travel down the same rows each year, except where row spacings change from year to year.  An 
alternative is to fertilise and sow across the old rows so fertiliser is not concentrated down the same 
rows each year.  However, this involves sowing up and down paddocks, or at diagonals across 
paddocks, instead of around paddocks. 
FUTURE RESEARCH 
It appears fertiliser recommendations and present fertiliser strategies for P, Cu and Zn may be 
inadequate for no-till cropping.  This may be because when fertiliser containing these soil immobile 
elements are drilled with the seed, they remain in concentrated bands near the soil surface that are 
largely positionally unavailable for interception and uptake by plant roots.  The bands are getting 
further apart and if the same amount of fertiliser is used/ha in the wider rows, the soil immobile 
nutrients are getting concentrated in fewer rows 2-4 cm deep.  The situation is worse if the fertiliser is 
spread over the soil surface.  Adding more fertiliser using present fertiliser applications methods is 
unlikely to be a cost-effective cure. 
Possible solutions include: 
System (1), as for no-till but fertiliser P, Cu or Zn is banded.  That is, the fertiliser is placed below the 
seed while sowing (e.g. placing fertiliser 8 cm below the seed while sowing at 4 cm, which has worked 
very well for lupin crops on sandplain soils in WA).  The banded fertiliser will be in moist soil for longer 
during the growing season and more likely to be intercepted by plant roots, both of which should 
improve effectiveness.  Optimum depths to band P, Cu or Zn below cereals and canola need to be 
determined.  
System (2), the top 10 cm of the soil is infrequently cultivated (say every 5-7 years) to mix soil 
immobile nutrient elements applied as fertiliser in previous years through the soil.  This should improve 
root interception of the elements in the soil; and some of the soil immobile elements would end up at 
depth in soil that remains moist for longer periods, both improving root uptake of the elements from the 
soil.  The cultivation can be done to incorporate lime through the topsoil, and to control weeds and 
disease that have become a problem in no-till.  
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System (3) is where the subsoil (2-10 cm) is cultivated but leaving the topsoil largely uncultivated.  
Fertiliser is drilled with seed at 2-4 cm so cultivation would need to incorporate the fertiliser band 
through the soil, but would not mix fertiliser spread over the soil surface through the soil.  Feasible, 
profitable ways of doing system (3) need to be determined.   
Systems (1)-(3) (no data) need to be compared in the same experiment with the old multi-topsoil-
cultivation system (4) (plenty of data used to develop present fertiliser advice for no-till crops), and 
one of the present no-till system where P, Cu and Zn are drilled with the seed (system 5) (no data).  
The relationship between grain yield and the amount of fertiliser P, Cu or Zn applied would need to be 
determined in experiments for systems (1)-(5).  This needs to be done in separate experiments for 
each of the major crop species grown in WA (cereals, lupin, canola (rape, Brassica napus)).  It would 
also be done in separate experiments for P, Cu and Zn, by applying 5-7 amounts of fertiliser to 
adequately define the relationship for the 5 methods of application between grain yield and the amount 
of element applied as fertiliser.  Then the amount of P, Cu or Zn required to produce the same grain 
yield can be determined for each of the 5 systems. 
In this fashion, relative to the old system (1), it is possible to estimate how much extra or less fertiliser 
is required for each of the other 4 systems to produce the same yield.  The many experiments done 
using system (1) were done on many different soil types in different environments of WA.  It is not 
possible to do a huge number of experiments for no-till cropping systems.  Fewer experiments can be 
done comparing the old and new systems, so data for the new systems will be for experiments done 
on fewer soil types and environments.  However, it may be possible to extend the data for the new 
cropping systems to different soils and environments in the cropping areas of WA using data for the 
old system (1) obtained in this project and from data from the many old experiments done using 
system (1). 
Paper reviewed by: Bill Bowden and Glen Riethmuller 
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Burn stubble windrows:  to diagnose soil fertility problems 
Bill Bowden, Chris Gazey and Ross Brennan, Agriculture Western Australia 
KEY MESSAGES 
Changing farming conditions over the last couple of decades have meant that traditional methods of 
assessing soil fertility are not as reliable as they used to be.  Crop nutrition in WA has always operated 
on a knife edge and our soils are very susceptible to the inevitable acidification processes of farming.  
Burning stubble windrows provides a means of observing and diagnosing otherwise subclinical fertility 
problems. 
Burn windrows and if variation in growth is obvious in the following crop, take paired soil and plant 
samples and access an expert to interpret the results and offer remedial advice. 
INTRODUCTION 
Marked yield responses to the burning of canola stubble in windrows have been observed in following 
crops.  Much of the response is due to the accumulation of high levels of nutrients (K, S, Cu, Mo, P, 
Zn) on the windrows (Bowden et al. 1999 and 2000 crop updates).  In some cases there has been an 
apparent response to the liming impact of the burnt stubble.  As can be seen in the table below, many 
of these responses have been greater than 1t/ha with possible returns to remedial treatments of over 
$150/ha. 
    Stubble treatment 
2000 observations Removed Burnt/spread 
Location Crop 
GY on 
kg/ha 
GY off 
kg/ha 
Loss 
kg/ha 
Loss 
$/ha 
Loss pad. 
4:1 $/ha 
Cadoux Wheat 1,978 534 1,444 173 139 
Tenindewa Wheat 1,914 1,505 409 49 39 
Goomalling Wheat 4,644 3,395 1,249 150 120 
Bejording, hill Wheat 5,371 3,714 1,657 199 159 
Bejording, track Wheat 4,771 2,829 1,943 233 187 
Bejording, Sheen Wheat 4,071 3,143 929 111 89 
Kononngorring E Wheat 2,143 1,200 943 113 91 
Wongan Hills Barley 1,984 1,323 661 79 63 
Konongorring S Wheat 3,200 2,057 1,143 137 110 
Varley ‘uniform’ Wheat 2,454 1,894 560 67 54 
Varley ‘contrast’ Wheat 2,813 1,886 927 111 89 
Mean  3,157 1,987 1,170 140 112 
Assume 4:1 off/on ratio and $120/t. 
While the observation of waves in crops following canola was originally seen as a negative to growing 
canola, it subsequently has been recognised that the same effects are possible from the 
heterogeneous distribution of the stubbles from other crops, and that the effect can be exploited by 
growers. 
Importantly, these responses have given us a wake up call to the fact that much of the crop nutrition in 
WA is sub-optimal.  Further, our soil test critical levels for P and K may well be too low in these days of 
minimum tillage and where soils are now more acid and contain more root pruning organisms and 
herbicide residuals than were present in the ‘70s and ‘80s when the tests were calibrated.  Despite our 
reliance on soil tests for P and K in WA, it is extremely difficult to make appropriate adjustments to the 
calibration curves without making a large investment in obtaining better diagnostic information. 
An opportunity exists to diagnose and then implement a quick fix to what appears to be widespread 
and expensive (as high as $200/ha), sub-clinical fertility problems in WA.  By encouraging farmers to 
burn stubbles concentrated on windrows (not between the windrows) and then to collect paired, plant 
and soil samples in the subsequent crops if windrow effects are obvious, it should be possible to 
diagnose problems which have otherwise gone undetected.  The diagnostic power of paired samples 
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from adjacent areas in a crop, is an order of magnitude greater than picking up the causes of the 
problems from the normal soil and tissue testing methods.  In these methods, measured nutrient levels 
are compared with time and tissue dependent standards, with wide errors on critical levels, and often 
calibrated in another era under quite different growing conditions 
PROPOSED ACTION AND COSTINGS 
It is proposed, that in the 2001 season, growers be encouraged to burn windrows and observe the 
effect on the subsequent crops.  If variation in early crop growth reflects the burnt windrow pattern of 
the preceding stubble, paired soil and plant samples will be taken from adjacent good and poor areas 
of the crop.  These samples will be chemically analysed and experienced agronomists/nutritionists will 
be rostered to provide an interpretation/diagnosis of the problems causing the poor crop performance.  
Examples of the sort of results from paired sampling in the 2000 season are shown in the table below.  
Obviously other chemical assays are made.  The interpretations are not necessarily simple. 
 0-10 cm soil samples Early tops samples 
 pH K mg/kg K% Wt/plant K update 
Location On Off On Off On Off On Off On Off 
Cadoux 5.1 4.3 33 23 3.7 1.4 0.8 0.2 3.0 0.3 
Tenindewa 6.1 4.9 110 44 5.3 4.5 0.1 0.1 0.6 0.4 
Walebing 4.9 4.4 111 81 5.1 1.5 0.8 0.2 4.2 0.3 
Goomalling 5.1 4.5 146 78 5.2 5.4 0.9 0.3 4.5 1.9 
Bejording, hill 5.1 4.5 67 35 3.6 2.9 4.8 1.2 17.4 3.4 
Bejording, track 4.9 4.7 23 14 2.2 0.9 5.0 1.1 10.9 1.0 
Bejording, Sheen 5.2 4.3 132 21 1.7 0.9 10.3 3.6 17.5 3.2 
Kononngorring E 6.2 5.5 57 26 3.4 1.1 0.9 0.6 3.0 0.6 
Kononngorring S 5.2 4.6 45 35 3.1 1.8 0.8 0.3 2.4 0.5 
Remedial measures (lime, tillage, fertilisers, rotations?) will be examined with the participating 
growers.  For example, the application of potassium to some crops immediately after diagnosis in 
1999 gave highly profitable responses.  The dry season in 2000 prevented such immediate responses.  
Most often the remediation will be in the following year. 
Funding for this exercise is currently being canvassed.  It is estimated that the chemical analyses 
should cost about $180 per set of paired soil (0-10 and 10-20 cm deep) and plant samples.  The 
diagnosis and recommendations should double these costs.  Thus a stand alone project of 100 sites 
would cost about $30,000 to $40,000 
From an individual grower’s point of view, a $360 expenditure representing, 100 hectares ($3.60/ha) of 
affected crop could net $100/ha ($10,000 total) in the first year and further returns in future years, as a 
result of remedial fertilising or liming.  One hundred such growers would return $1,000,000 for an 
investment of $36,000 in diagnostics and between $350,000 and $700,000 (say) in remedial action. 
CONCLUSIONS 
Burn some stubble windrows in your cropping paddocks.  If you see major systematic growth and yield 
differences in you crops in 2001, take paired soil and plant samples.  Enlist an expert to help you 
interpret the chemical analyses of those samples and discuss remedial action for next year.  You may 
improve your returns by hundreds of dollars per hectare next year and some of the treatments have 
large residual effects. 
KEY WORDS 
diagnosis, burnt windrows, nutrition, soil fertility 
Project No.: DAW 635 
Paper reviewed by: John Blake 
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Calcium:magnesium ratios; are they important? 
Bill Bowden1, Rochelle Strahan2, Bob Gilkes2 and Zed Rengel2 
1Agriculture Western Australia, Northam 
2Department of Soil Science and Plant Nutrition, UWA, Nedlands 
KEY MESSAGE 
The use of well-established cation exchange and base saturation theory to make fertiliser and 
ameliorant recommendations for agricultural soils is discussed in the context of traditional approaches 
to managing soil fertility in WA.  The subject is not controversial if objectives are clearly stated and 
local calibrations with crop performance are used or established. 
BACKGROUND 
Traditional approaches to soil fertility management in broad acre agriculture in WA have involved the 
use of ameliorants (chemical additives to change the physical and chemical properties of the soil) and 
fertilisers (chemical additives to top up and meet crop demands for nutrients).  Ameliorants (which 
have to be applied at levels of tonnes/ha) include products such as gypsum to stabilise and improve 
the structure and water infiltration on dispersive and hard-setting soils and liming materials to raise pH 
levels and reduce toxic aluminium levels on acid soils.  Through an improvement in crop growth, the 
ameliorants may affect the demand for plant nutrients, but this demand has been met traditionally by 
supplying ‘sufficiency’ levels directly as fertilisers (which are applied at one or two orders of magnitude 
less than ameliorants  -  tens to hundreds of kg/ha). 
The balance of soil exchangeable cations, particularly calcium (Ca) and magnesium (Mg), has recently 
been promoted as a soil test criterion for fertiliser use on WA soils.  For example, lime (CaCO3) 
application is being advised, not to overcome a perceived acidification problem, but to raise the Ca:Mg 
ratio in soil into a recommended range of 3 to 7 to optimise nutritional balances.  This advice is based 
on a ‘base cation saturation ratio’ (BCSR) concept, which aims to achieve a balance of soil cations 
instead of applying ‘sufficient’ amounts of each nutrient. 
The result of having these two soil fertility recommendation systems (sufficiency and BCSR) operating 
in parallel, is that markedly different advice can be given for the same soil and cropping situation. 
CONFUSION AND CONTROVERSY 
Controversy and confusion ensues when the recommendations differ, often for unstated differences in 
the specific goals of the provider (short term vs long term, amelioration vs fertilisation), rather than 
those of the grower, who just wants a healthy cash flow via healthy soils and crops.  Through the 
demands on scarce input dollars, the long term soil health arguments often conflict with short-term 
nutrient-requirement arguments.  Occasionally a common solution will satisfy both demands 
(e.g. when you need lime and your Ca:Mg ratio is high, then dolomite rather than limestone, is the 
better option), but this is rare. 
A further source of confusion comes when soil-test-based ‘critical’ levels for some nutrients are used 
which are different from locally calibrated levels, or are stated for nutrients which have never been 
locally calibrated (e.g. the trace elements).  Simple factors such as the units used to describe the 
chemical analyses can add to the confusion.  For example, swinging from concentration units such as 
mg/kg (= ppm in the old parlance) to kg/ha which has an implied, but unstated, bulk density and depth 
measure, can confuse.  Similarly, using ‘organic matter’ percentage instead of the traditional ‘organic 
carbon’ percentage (OM% equals roughly 2 times OC%), or the outdated P2O5 instead of P 
concentration (P2O5 equals about 2.3 times P), just helps confuse the unwary.  The use of percentage 
saturation of the cation exchange capacity (CEC) can also confuse.  For example, those who are used 
to dealing with mg/kg soil K, may have trouble when they see K quoted at 4.3% saturation (which 
would be 168 mg/kg for a CEC of 10 centimoles/kg). 
CATION RATIOS AND BASE SATURATION  –  WHAT DO WE KNOW? 
On finer textured soils, cation ratios have a well documented and well known impact on the structural 
stability, which in turn, affects water infiltration rates, root penetrability, etc.  A soil with high sodium 
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saturation will cause the colloids to disperse, causing hard setting problems, etc.  Replacing sodium 
with calcium (usually with gypsum) can overcome these problems. 
Similarly, the use of lime and dolomite to overcome acidity problems is well known and an established 
part of Western Australian soil fertility packages.  Acidity problems are diagnosed by a pH(CaCl2) of 
less than 4.8.  Much is made of poor/low base saturation being the indicator of acidity problems and it 
surely is.  If the CEC is not saturated with calcium, magnesium, sodium and potassium, then the other 
main candidate cations are ammonium (turns rapidly to nitrate), hydrogen, aluminium and manganese 
(not important in the toxicity range in most WA soils).  A simple rule (thank you Hamza) for estimating 
acidity per cent saturation is that it equals 15 times (6 minus pH (water)) and that you should get 
excited and lime if this gets into double figures (i.e. pH (water) of 5.3 is a critical level for liming).  So, 
give or take a few ifs and buts (pH (water) = pH (CaCl2) + 0.5 is arguable but in the ball park), 
traditional WA practice and BCSR (Hamza?) come to similar conclusions. 
The new dimension to life which comes with the BCSR literature, is the impact of cation saturation 
ratios on plant nutrition. 
BCSR AND PLANT NUTRITION 
The rationale here is that because plants require nutrients above certain critical levels, that there are 
some critical ratios in those plants.  The rationale continues (incorrectly) that if you supply plants with 
their nutrients at that ratio you will be providing optimum conditions for uptake of those nutrients.  This 
works roughly, for rapidly grown crops in hydroponic situations but unfortunately it does not follow that 
fertilising soils to a target ratio necessarily means that you are providing the nutrients in soil solution at 
that ratio.  Further, the critical nutrient level ratios in crops can change as the crop grows and develops 
and certainly, different crops have different critical ratios, which raises the question of which stage of 
growth, and for which ratio should we be adjusting the ratio in the soil?  And for what depth of soil do 
we want to adjust the ratios?  This does sound like quibbling and certainly the points above become a 
non-issue if the target ratios have a large range.  Perhaps the BCSR system should just aim for 
avoiding extreme cation ratios? 
Testing and validating the BCSR system has not been simple and there is an extensive literature on 
the subject.  One of the main problems has been to separate the effects of nutrient supply from the 
nutrient ratio.  As the Ca:Mg ratio increases, the supply of Ca increases and the supply of Mg 
decreases.  You would expect responses to extreme ratios simply because at the extremes, either 
calcium or magnesium (both essential nutrients for plant growth), will be in short supply. 
In an honours experiment in the glasshouse at the department of Soil Science and Plant Nutrition, at 
UWA, soils which had been separately saturated with Ca and Mg were mixed in various proportions to 
give a range of Ca:Mg ratios.  A wheat crop was used as a bioassay of nutrient uptake.  Plots of Ca 
and Mg uptake versus their respective supply levels do not show that you should use different 
curves/lines for high and low ratios.  However it is not possible to unconfound the supply from ratio 
(see the figure below).  Background potassium uptake was also not affected by Ca:Mg ratio. 
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Responses to late foliar applications of Flexi-N 
Stephen Loss, Tim O’Dea, Patrick Gethin, Ryan Guthrie, Lisa Leaver  
CSBP futurefarm 
KEY MESSAGE 
In 3 wheat trials, protein content increased by 0.5-2.0% with applications of Flexi-N at flowering (21 
and 42 kg N/ha) while yields were reduced by 8-18%.  Yield reductions may have been avoided if 
spring rain been more favourable.  In a canola trial, Flexi-N applications split between sowing and 
8 weeks after sowing (WAS) improved yields and maintained high oil content. 
BACKGROUND AND AIM 
Flexi-N is a 32% nitrogen (N) w/w solution of Urea and ammonium nitrate.  Use of Flexi-N increased in 
2000 with most farmers using it through boomsprays as pre-sowing or foliar applications.  When 
applied through a boomspray early in the season, its performance is similar to topdressed Urea.  The 
main advantages of Flexi-N are ease of storage and handling, more accurate application and 
simultaneous application with many herbicides. Initial research and farmer experience suggests wheat 
protein can be boosted with applications of Flexi-N at ear emergence or flowering.  This work 
examines these effects more closely in wheat and canola. 
METHOD 
Four field trials (3 wheat, 1 canola; Table 1) compared Flexi-N at various rates and 3 timings:  
1) wholly at sowing;  2) split between sowing and 4-8 weeks after sowing (WAS); and  3) split between 
sowing, 4-8 WAS and about flowering.  Neat Flexi-N was applied through an ATV bike boomspray.  
Urea at equivalent N rates was applied at timings 1) and 2).  The trials included 3 replicates and were 
a randomised block design.  Plots were 2.1 x 40 m and were sown either with a Conserva Pak system 
or Agmaster Superseeder points on 22.5 cm row spacings with presswheels.  A basal fertiliser of 
Agras, Agstar or Agflow was banded below the seed and Muriate of Potash topdressed at all sites. 
Table 1. Experimental site and 0-10 cm soil characteristics 
 Yuna Buntine York Cadoux 
History wheat 98, canola 99 lupin 98, wheat 99 wheat 98, canola 99 lupin 98, wheat 99 
Soil type brown grey loamy 
sand 
grey brown loamy 
sand 
grey loamy sand grey brown loam 
P mg/kg 15 25 61 21 
N (Nit) mg/kg 7 14 15 15 
N (Amm) mg/kg 4 4 4 2 
K mg/kg 56 44 58 60 
S mg/kg 12 8 8 17 
OC % 0.66 0.41 1.10 0.45 
Reactive Fe mg/kg 222 507 255 319 
pH 1:5 CaCl2 5.5 5.1 4.9 4.6 
Sowing date 31 May 15 June 23 June 2 May 
Variety Carnamah wheat Carnamah wheat Carnamah wheat Karoo canola 
RESULTS 
At Yuna, N application increased plant growth, but yield responses to N were limited by the short 
growing season and dry conditions during grain filling (Figure 1).  Flexi-N was superior to Urea when 
applied wholly at sowing.  Applications of Flexi-N at the flag leaf stage (when the crop was showing 
signs of moisture stress) caused considerable leaf scorching  -  about 10-15% of the flag leaf area was 
damaged at the 21 kg N/ha rate, while 30-40% was burnt at the 42 kg N/ha rate.  Late applications 
caused a significant yield reduction, and failed to increase protein content (Figure 2). 
Grain yields at Buntine were excellent (up to 5 t/ha) because of stored subsoil moisture and timely 
sowing (Figure 3).  There were no significant differences between grain yields with Urea and Flexi-N.  
At the high N rate applying N wholly at sowing produced better yields than when applications where 
split between sowing and 5 WAS.  Applications of Flexi-N at flowering had no effect on grain yields but 
improved protein by 0.5-1.0%, depending upon previous N applications. 
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Yield potential at York was severely inhibited by a late break and dry spring conditions.  As expected 
in a dry year, N applications above 75 kg/ha did not improve yields beyond the maximum of 1.4 t/ha 
(Figure 5).  Differences in yield between Urea and Flexi-N and the various application times were not 
significant.  The application of additional Flexi-N at flowering increased protein by up to 2% (Figure 6) 
but reduced yields by about 8% and increased screenings significantly.  
The low canola yields at Cadoux (about 1.1 t/ha) and lack of a response to N from applications at 
sowing were probably related to a lack of rain between sowing and 6 WAS and a dry spring.  
Application of N at 8 WAS was followed by useful rainfall and appeared to benefit plant growth and 
yield, especially at high N rates (Figure 7).  Application of Flexi-N at 12 WAS did not improve yields.  
At 60 kg N/ha split applications of Flexi-N produced an additional 0.22 t/ha compared to Urea.  Oil 
contents were unaffected by N rate (Figure 8). 
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Fig. 3: Buntine yield
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A comparison of Flexi-N placements 
Stephen Loss, Tim O’Dea, Patrick Gethin, Ryan Guthrie, Lisa Leaver 
CSBP futurefarm 
KEY MESSAGE 
In 6 field trials, banding or on-furrow applications of Flexi-N resulted in greater plant growth and N 
uptake than Flexi-N applied with a boomspray or Urea topdressed. In most cases, the short season 
limited grain filling and differences in grain yield between the placement treatments were not 
significant.  In some trials banding and on-furrow Flexi-N increased grain protein.  At Westonia, dry 
conditions after sowing resulted in reduced plant densities in all treatments compared to the nil, 
especially where Urea was banded and where Flexi-N was applied on-furrow or banded.  Flexi-N was 
safer to band than Urea.  When banding Flexi-N or applying it on-furrow, we suggest separating 
fertiliser from the seed by 2 cm or more to minimise the risk of toxicity and limiting rates to less than 
40 kg N/ha. 
AIMS 
Flexi-N is a solution of Urea and ammonium nitrate containing 32% nitrogen (N) w/w.  Many trials have 
shown that Flexi-N applied through a boomspray is as effective as topdressed Urea.  The main 
advantages of Flexi-N are ease of storage and handling, more accurate application and simultaneous 
with many herbicides.  In other parts of the world, liquid fertilisers are banded below and/or to the side 
of the seed.  The aim of this work was to compare various Flexi-N placements. 
METHOD 
Six field trials (4 wheat, 2 canola) were conducted (Table 1) comparing Flexi-N at 2 or 3 rates applied:  
1) with an ATV bike boomspray immediately before sowing;  2) banded 2-3 cm below and 2 cm to the 
side of the seed; and  3) on top of the furrow, immediately after the presswheels.  Urea at equivalent N 
rates was included either topdressed or banded below/side the seed at 1 or 2 rates.  The Flexi-N 
banded and on-furrow treatments were diluted with water and applied at 241 L/ha, except at Varley, 
where 617 L/ha was accidentally applied.  The trials included 3 replicates and were a randomised 
block design.  Plots were 2.1 x 40 m long and were sown with a Conserva Pak system on 22.5 cm row 
spacings.  A basal fertiliser of Agstar, Agflow, Agrich or SuperCZM was banded below the seed.  
Muriate of Potash was topdressed where required. 
Table 1. Experimental site and 0-10 cm soil characteristics 
 Mullewa Carnamah Westonia Varley Arthur River Mindarabin 
History wheat 98, 
lupin 99 
lupin 98, 
wheat 99 
wheat 98, 
canola 99 
wheat 98, 
canola 99 
poor pasture 
98 & 99 
pasture 98, 
wheat 99 
Soil type dark brown 
sandy 
loam 
light brown 
clay loam 
grey brown 
loamy sand 
light grey 
sand 
grey brown 
loamy sand 
grey brown 
loam 
P mg/kg 17 32 14 25 52 54 
N(Nit) mg/kg 7 18 6 10 49 28 
N(Amm) mg/kg 2 5 4 3 13 3 
K mg/kg 143 89 88 41 252 132 
S mg/kg 4 11 5 6 11 12 
OC % 0.37 0.46 0.66 0.87 2.0 1.67 
Reactive Fe mg/kg 331 310 366 167 612 487 
pH 1:5 CaCl2 6.8 4.5 4.6 4.6 5.1 5.3 
Sowing time 31 May 2 June 18 May 14 June 14 June 2 May 
Variety Carnamah 
wheat 
Carnamah 
wheat 
Carnamah 
wheat 
Carnamah 
wheat 
Karoo 
canola 
Karoo 
canola 
RESULTS 
In most trials, plant growth and N uptake were greater with banding or on-furrow application of Flexi-N 
than Flexi-N applied with a boomspray or Urea topdressed.  Unfortunately, the dry spring restricted 
grain filling and there were few yield differences between the placement treatments.  In some trials 
there were placement effects on grain protein. 
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At Mullewa, plant establishment and growth was excellent. At 11 weeks after sowing (WAS), N uptake 
with Flexi-N applied on-furrow or banded was superior to boomspray or Urea topdressed (Figure 1).  
Stored subsoil moisture from summer rain contributed to grain filling, and yields responded 
significantly to N application, increasing from 2.1 t/ha at nil N to about 3.3 t/ha at 40 kg N/ha.  Yields 
reached a plateau at higher N rates, but grain protein continued to respond to increasing N.  Yield 
differences between placement treatments were not significant.  
At Carnamah, plant weight at 11 WAS increased linearly with Urea topdressed or Flexi-N boomspray 
up to the highest rate of 108 kg N/ha, while Flexi-N banded and on-furrow produced similar maximum 
plant weights at 62 kg N/ha.  The dry end to the season limited yields to about 1.6 t/ha and there were 
no differences between placements.  At 108 kg N/ha, protein increased significantly from 10.5% with 
Urea topdressed to 14.3% with Flexi-N banded. 
Dry conditions after sowing contributed to fertiliser toxicity at Westonia.  At 40 kg N/ha, plant densities 
were reduced by 9, 21 and 23% when Flexi-N was applied by boomspray, banded and on-furrow, 
respectively (Figure 2).  At 80 kg N/ha or more, there was a 54% reduction in plant density with Urea 
banded and a 25-35% reduction with Flexi-N banded or on-furrow.  Urea topdressed and Flexi-N 
boomspray also reduced densities by 11% at 80 kg N/ha or more.  Dry conditions severely limited crop 
responses to N, with yields increasing from 0.8 to 1.0 t/ha.  Yield and protein differences between the 
placement treatments were not significant.  
At Varley (where the Flexi-N banded and on-furrow treatments were 2.5 times the desired rate) 
fertiliser toxicity was evident at Flexi-N rates of 175 N kg/ha or more when applied on-furrow and 
banded.  At 80 kg N/ha, Urea banded reduced plant density more than Flexi-N banded or applied 
on-furrow.  Unlike at Westonia, Urea topdressed and Flexi-N applied with the boomspray did not 
reduce plant density up to 120 kg N/ha.  At 80 kg N/ha the various treatments produced similar yields 
(2.7-3.0 t/ha) but protein contents were 1-2% greater where Flexi-N was banded or applied on furrow. 
At Arthur River, canola responses to N were limited by the moderate soil fertility and the short, dry 
season.  Plant sampling during the season showed greater N uptake in the banded or on-furrow 
Flexi-N treatments than the Flexi-N boomspray or Urea topdressed applications at 49 kg N/ha (Figure 
3).  Grain yields increased with increasing N, from 0.6 t/ha to over 1.0 t/ha at 49 kg N/ha.  At the high 
N rate,  Flexi-N banded produced the best yields and there was little difference between the other 
Flexi-N placements and Urea todpressed. 
At Mindarabin, the late sowing and dry spring limited canola podding and seed filling considerably, and 
seed yields were less than 0.2 t/ha. Hence, it was impossible to draw any conclusions from the yield 
data.  Plant weight and N uptake data at 15 WAS indicated an advantage of on-furrow and banding 
Flexi-N compared to application through a boomspray (Figure 4).  At the one rate tested, Urea 
topdressed appeared similar to boomspray Flexi-N. 
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Fig. 1: Mullewa N uptake at 11 WAS
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Fig. 4: Mindarabin N uptake at 8 WAS
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Fig. 3: Arthur River N uptake at 15 WAS
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Fig. 2: Westonia plant density at 6 WAS 
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What is the best way to apply potassium? 
Stephen Loss, Tim O’Dea, Patrick Gethin, Ryan Guthrie, CSBP futurefarm 
KEY MESSAGE 
Three trials compared different ways of applying potassium (K) to wheat.  Drilling Muriate of Potash 
(MoP) at rates of 20 kg K/ha or more with the seed reduced plant establishment and yields at one site 
sown into dry soil.  A wetter season may have resulted in less seedling toxicity where MoP was drilled 
and/or plants may have been better able to compensate for reduced establishment.  Topdressing MoP 
before sowing or 4-6 WAS resulted in best yields at all sites.  Neither growth nor yields were improved 
when K was drilled.  Drilling K fertilisers with the seed at high rates is likely to cause seedling toxicity, 
and the benefits, if any, do not outweigh the risks.  
BACKGROUND AND AIM 
Muriate of Potash (KCl) is the main form of K fertiliser used in WA. Drilling MoP with the seed can 
result in fertiliser toxicity and hence, it is usually topdressed before sowing.  New seeding fertilisers 
have been developed that apply nitrogen, phosphorus, K and sulphur together (e.g. KTill, 6:12:17:3).  
It has been suggested that drilling these types of fertilisers or MoP is more efficient than topdressing 
MoP.  The aim of this work was to compare drilling MoP and KTill with topdressing MoP before sowing 
or 4-6 weeks after sowing (WAS) in wheat. 
METHOD 
At Yuna and Pingrup (Table 1) MoP was applied at 4 rates and 3 strategies:  1) topdressed 
immediately before sowing;  2) drilled with the seed; and  3) topdressed 4-6 WAS.  At Dandaragan, K 
was applied as:  1) MoP topdressed before sowing at 2 rates;  2) MoP topdressed before sowing plus 
4 WAS;  3) KTill drilled with the seed; and 4) KTill drilled with the seed plus MoP at 4 WAS.  The trials 
included 3 replicates and were a randomised block design.  Plots were 2.1 x 40 m and were sown with 
a Conserva Pak system on 22.5 cm row spacings with presswheels.  The Yuna site, which was sown 
into completely dry soil, did not receive any rainfall for 2 WAS.  The Pingrup and Dandaragan sites 
were sown plus All Phos at Yuna and Pingrup, and AgstarCZM at Dandaragan. 
Table 1. Experimental site and 0-10 cm soil characteristics 
 Yuna Pingrup Dandaragan 
History wheat 98, lupin 99 wheat 98, pasture 99 pasture 98, lupin 99 
Soil type brown grey loamy 
sand 
light brown sandy 
loam  
brown sandy loam 
P mg/kg 17 11 19 
N(Nit) mg/kg 8 15 23 
N(Amm) mg/kg 1 2 21 
K mg/kg 22 51 47 
S mg/kg 3 30 6 
OC % 0.60 0.7 0.74 
Reactive Fe mg/kg 357 175 340 
pH 1:5 CaCl2 4.9 4.4 4.5 
Sowing date 1 June (dry) 8 June 27 June 
Variety Carnamah wheat Carnamah wheat Carnamah wheat 
RESULTS 
At Yuna, drilling MoP at rates of 20 kg K/ha or more significantly reduced plant density (Figure 1) and 
plant growth compared to topdressing.  At 20 kg K/ha, plant densities were reduced from 96 plants/m2 
in the topdressed treatment to 84 plants/m2 when drilled.  By 11 WAS plants in the 20 and 40 kg K/ha 
drilled treatments had compensated for their lower plant densities and produced similar biomass to the 
topdressed treatments.  Drilling MoP at rates greater than 40 kg K/ha reduced biomass significantly 
compared to topdressed.  Grain yields were reduced by 6-10% when MoP was drilled at rates of 
40 kg K/ha or more (Figure 2).  Topdressing MoP at 6 WAS was as effective as topdressing before 
sowing. 
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At Pingrup, drilled MoP had no effect on plant establishment.  Plant growth data at 11 WAS, about 5 
weeks after the post emergent topdressing treatments, suggested a good response in plant weight to 
MoP topdressed immediately before sowing up to the highest rate of 70 kg K/ha (Figure 3).  There was 
also a small response to MoP topdressed 6 WAS up to 20 kg K/ha.  However, excessive variation in 
the data meant these differences were not statistically significant.  Grain yields were restricted by the 
dry end of the season.  All treatments produced about 1.6 t/ha (Figure 4).  There was a 12% reduction 
in grain yield when MoP was drilled compared with topdressing at sowing at rates of 40 kg K/ha or 
more, but this difference was not significant. 
Drilling KTill at 19 kg K/ha had no effect on plant density at Dandaragan.  Plant sampling 6 WAS, 2 
weeks after the 4 WAS topdressing treatment, showed an insignificant trend of increasing plant weight 
with increasing MoP topdressed at seeding (Figure 5).  KTill drilled at 19 kg K/ha appeared to be 
slightly superior to MoP drilled, while the topdressing at 4 WAS probably had little time to be washed 
into the soil and taken up by plants.  Grain yields were low but not surprising given the late break to 
the season and dry spring (Figure 6).  Nonetheless, there was a significant response to K application, 
while grain yields increased from 0.8 t/ha in the nil up to 1.0 t/ha at 38 kg K/ha.  About 10% more yield 
was produced where MoP was topdressed 4 WAS, or where KTill drilled at sowing and MoP 
topdressed 4 WAS, compared to topdressing the MoP wholly at sowing.  Drilling K in the form of KTill 
without any later MoP application provided no yield benefit over topdressing.  
KEY WORDS 
fertiliser, potash, drilling, topdressing 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 2: Grain yield at Yuna  
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Fig. 5: Plant weight at 6  WAS at Dandaragan 
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Fig. 3: Plant weight at 11 WAS at Pingrup 
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Fig. 4:  Grain yield at Pingrup 
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Fig. 1: Plant density at 6 WAS at 
Yuna 
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Fig. 6: Grain yield at Dandaragan 
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Claying affects potassium nutrition in barley 
Stephen Loss, David Phelps, Tim O’Dea, Patrick Gethin, Ryan Guthrie, Lisa 
Leaver, CSBP futurefarm 
KEY MESSAGES 
A trial was conducted in 2000 on a deep sandy soil at Gibson to investigate the effects of claying on 
the potassium (K) and nitrogen (N) nutrition of barley.  The clay applied to half the site in 1999 was 
very low in K and initially reduced Muriate of Potash (MoP; KCl) effectiveness in 2000, probably by 
adsorbing the applied K, and reducing the opportunity for plant uptake.  By 16 WAS, K uptake by 
plants improved in the clayed treatments and plants produced greater growth than the unclayed 
treatments.  Grain yields increased from about 1.5 to 3.0 t/ha with the application of 60 kg N/ha.  
Where only 20 kg K/ha was applied in the clayed treatments, the yield response to N application was 
less, with yields peaking at 2.5 t/ha.  These results highlight the need for high K application where a K 
deficient clay is applied to K deficient soils.  Growers need to analyse clays used for claying, as they 
can have large effects on fertiliser K requirements.  Soil compaction at depth was greater after claying 
and deep ripping after claying may improve root growth and fertiliser responses. 
BACKGROUND AND AIM 
Crops and pastures grown on sandy soils are often prone to K deficiency and require K fertilisers like 
MoP to maximise productivity.  The incorporation of subsoil clay into sandy topsoils (i.e. claying) 
reduces water repellency and increases nutrient and water retention, thereby improving plant 
establishment, growth and yield.  Clays often contain significant amounts of K which could act as a 
useful source of K for plant growth.  The aim of this work was to investigate the effects of claying on 
the K and N nutrition of barley. 
METHOD 
A field trial was sown on a deep sandy soil at Gibson on 17 May using a basal fertiliser of 194 kg/ha 
MegaPhos (30 kg P/ha and 11 kg S/ha).  Fitzgerald barley was sown at 70 kg/ha with a Conserva Pak 
seeder on 22.5 cm row spacings.  The trial was an incomplete factorial design of 4 N rates (0, 30, 60 
and 120 kg N/ha), 3 K rates (0, 20 and 60 kg K/ha) applied as Urea and MoP topdressed immediately 
before sowing, and plus and minus clay (200 t/ha of subsoil clay incorporated in 1999).  The clay had 
a very low K content and soil K levels were lower in the clayed than the unclayed area (Table 1).  The 
trial included 3 replicates in randomised blocks. Plots were 2.1 x 40 m. 
Table 1. Analysis of 0-10 cm of the clayed and unclayed soils, and the raw clay applied to the site 
 P 
mg/kg 
Nit. N 
mg/kg 
Amm. N 
mg/kg 
K 
mg/kg 
S 
mg/kg 
OC 
% 
Reactive Fe 
mg/kg 
Salt 
dS/m 
pH 
CaCl2 
Unclayed  8 9 3 30 7 0.94 150 0.05 5.2 
Clayed  7 8 3 22 6 0.91 95 0.03 4.9 
Raw clay  2 7 3 11 85 0.01 106 0.16 4.4 
RESULTS 
After a very wet summer and autumn, the trial was sown into good soil moisture and water repellency 
was not an issue, even in the unclayed treatments.  Apart from August, growing season rainfall was 
below average which reduced yield potential considerably. 
At 7 WAS there was little difference in the plant weight response to N application between clayed and 
unclayed treatments, and their appeared to be a small negative response in plant weight to increased 
K application in the clayed treatment.  Plant analysis showed that while N uptake was improved in the 
clayed treatments, K uptake was lower than the unclayed treatments (Figure 1).  Unlike the unclayed 
treatments, there was virtually no improvement in K uptake in the clayed area when K was increased 
from 20 to 60 kg/ha.  It is likely the K deficient clay applied to the soil adsorbed the K applied as MoP, 
reducing its concentration in the soil solution and making it less available for plant uptake.  
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By 16 WAS, the trend had changed and there was almost twice the plant growth in the clayed than the 
unclayed treatments at 30 kg N/ha.  K uptake improved in the clayed treatments and there was a 
strong interaction between N and K (Figure 2).  It is likely that K was no longer the most limiting factor 
and some effect of the clay (e.g. improved moisture holding capacity) had increased plant growth 
relative to the unclayed treatments during winter.  Soil penetrometer profiles measured by AGWEST at 
the trial site in November showed greater compaction at 30 cm depth in the clayed (3.4 MPa) than the 
unclayed treatments (2.5 Mpa).  It is likely this compaction, caused by the extra traffic of the claying 
operation, reduced root growth at depth and caused earlier senescence in the clayed treatments.  
Similar observations were made on other clayed areas in the district. 
Grain yields increased from about 1.5 to 3.0 t/ha with the application of 60 kg N/ha (Figure 3).  There 
was little response to K in the unclayed treatments.  In the clayed treatments the response to N was 
less with yields peaking at 2.5 t/ha where only 20 kg K/ha was applied.  Protein content increased 
dramatically from about 8% where no N was applied up to 10% in the unclayed treatments, and 14% 
in the clayed treatments at high N rates (Figure 4).  High rates of MoP reduced protein content 
because of dilution with higher yields.  Similar trends to protein were evident in screenings, increasing 
from about 25% where no N was applied up to 72% in the clayed treatments (data not presented).  No 
treatments would have made the malting barley grade without discounts on account of high 
screenings. 
KEY WORDS 
fertiliser, nitrogen, potash 
 
 
 
 
 
 
 
 
 
Fig. 1: K uptake 7 WAS
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Fig. 2: K uptake at 16 WAS
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Fig. 3: Grain yield  
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Nitrogen and potassium improve oaten hay quality 
Stephen Loss, Tim O’Dea, Patrick Gethin, Ryan Guthrie, Lisa Leaver 
CSBP futurefarm 
KEY MESSAGE 
A field trial at Calingiri investigated effects of nitrogen (N) and potassium (K) on the yield and quality of 
oaten hay.  It is likely that a compacted subsoil and the dry spring restricted plant growth and the 
effectiveness of the applied nutrients.  Nonetheless, N application was highly profitable.  In a 
mid-October measurement showed hay dry matter increased from 2 t/ha at nil N, up to 4 t/ha at 90 kg 
N/ha and there was no indication of a plateau at 90 kg N/ha.  There was no effect of K application on 
hay yield.  Metabolisable energy and digestible dry matter increased with increasing N and K.  Acid 
and neutral digestible fibre both decreased with increasing N and K. Overall, high rates of N and K 
fertilisers improved hay quality considerably. 
BACKGROUND AND AIM 
Oaten hay production is rapidly becoming an important export industry for WA.  There has been some 
concern among hay exporters and producers that while high rates of N and K fertilisers may increase 
hay yields, they can also reduce hay quality.  The aim of this work was to investigate the effects of N 
and K applications on the yield and quality of oaten hay.  
METHOD 
A field trial was conducted near Calingiri in a paddock that grew a poor legume pasture in 1998 and 
oaten hay in 1999 (Table 1).  The trial was a factorial design of 4 N rates applied as Urea, (topdressed 
immediately before sowing, except at the highest N rate which was split between sowing and 4 weeks 
later), and 3 K rates applied as Muriate of Potash (topdressed immediately before sowing).  The trial 
included 3 replicates and was a randomised block design.  Plots were 2.1 x 40 m long and were sown 
with a Conserva Pak system on 22.5 cm row spacings.  A basal fertiliser of 123 kg/ha AgstarCZM was 
banded below the seed, except in the nil N treatments where 177 SuperCZM was banded.  On 
11 October, plant shoots were cut about 10 cm above the soil surface in 4 x 0.5 m2 quadrats per plot 
and dried at 40oC.  The plants were at the milky dough stage.  Various hay quality parameters were 
measured by Milne Feeds. 
Table 1. Soil characteristics (0-10 cm) at the experimental site 
Description 
P 
mg/kg 
Nit. N 
mg/kg 
Amm. N 
mg/kg 
K 
mg/kg 
S 
mg/kg 
OC 
% 
Reactive iron 
mg/kg 
Salt 
dS/m 
pH 
CaCl2 
Brown grey  
sandy loam  
18 13 10 24 6 1.03 176 0.05 4.5 
RESULTS 
Following a wetter than average summer, this area experienced dry conditions throughout autumn and 
the trial was not sown until 27 June, about 10 days after the first effective rain.  Winter rainfall was 
close to average, but the spring was dry with virtually no effective rain after early September.  A 
subsoil compaction layer at the site also probably restricted root growth, and water and nutrient 
uptake.  Consequently, spring biomass production was limited.  Plant sampling at 6 and 8 weeks after 
seeding (WAS) showed significant biomass responses to increased N (data not presented).  N 
responses were limited in the nil K treatments.  Nutrient analysis showed N status was deficient in all 
treatments apart from the highest N rate. 
Hay production was good given the short growing season.  Biomass cuts in mid October (15 WAS) 
showed good responses to N, with hay dry matter increasing from 2 t/ha at nil N, up to 4 t/ha at 90 kg 
N/ha (Figure 1).  There was no indication of a biomass plateau at 90 kg N/ha.  There was no effect of 
K on biomass nor N uptake.  K uptake increased with increasing K application, especially at high N 
rates (Figure 2), but had no effect on biomass production.  The reason for the lack of a K response, 
even though K was taken up in the plant, may relate to sub-optimal N nutrition and the dry season and 
soil compaction layer. 
 40 
Hay protein increased from 7 to 8 % with increasing N.  There was no effect of K on protein (P > 0.1; 
Figure 3).  Metabolisable energy (ME) increased with N and K, from 8.8 MJ/kg at nil N and K to 9.2 
MJ/kg at 60 kg N/ha and 80 kg K/ha (Figure 3).  Digestible dry matter showed similar trends increasing 
from 61.5% at nil N and K, to 63.5% at 60 kg N/ha and 80 kg K/ha (data not presented).  Acid and 
neutral digestible fibre (ADF & NDF) both decreased with N and K application (Figs. 5 and 6).  Apart 
from NDF, which was slightly above the export standard of 58% at 80 kg K/ha and 30 kg N/ha or more, 
all treatments met other export hay standards. 
Without considering the quality improvements due to fertiliser addition, the application of N was highly 
profitable.  The $70/ha spent on the 90 kg N/ha would have been returned more than four times as 
much by the doubling of yields from 2 to 4 t/ha (assuming @ Urea $355/t and export hay @ $150/t).  
Improvements in protein, ME and other quality measures may also have resulted in improved returns 
with high N rates. While K had no effect on hay yields at this site, it did increase ME and reduce ADF 
and NDF considerably.  The results from this trial suggest concerns regarding reduced hay quality with 
high fertiliser rates are tenuous.  High fertiliser rates improved all hay quality parameters measured at 
this site. 
ACKNOWLEDGEMENT  
The authors gratefully acknowledge the contribution of Milne Feeds, who conducted the quality 
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Fig. 1: Biomass production at 15 WAS
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Fig. 4: Metabolisable energy at 15 WAS 
8.6 
8.8 
9.0 
9.2 
9.4 
0 30 60 90 
N Applied kg/ha  
M
E
 M
J
/k
g
 
0K 40K 80 K 
lsd N & K 
Fig. 6: Neutral digestible fibre at 15 WAS  
58 
60 
62 
64 
0 30 60 90 
N Applied kg/ha  
N
D
F
 %
 
0K 40K 80 K 
lsd N & K 
Fig. 2: K uptake at 15 WAS
10
20
30
40
50
60
0 30 60 90
N applied kg/ha
K
 u
p
ta
k
e
 k
g
/h
a
0 K 40 K 80 K
lsd N & K
 41 
Agronomic responses of new wheat varieties in the 
northern wheatbelt 
Darshan Sharma and Wal Anderson, Agriculture Western Australia 
KEY MESSAGE 
• Karlgarin should be sown by early-May.  WAWHT2212 is promising at all times of sowing.  H45 
has the least yield penalty in June while Yitpi showed a steep decline. 
• Nitrogen nutrition of Arrino would need to be reduced if sown late as its protein often exceeded 
the requirement for the noodle segregation. 
• Optimum seed rate increased with increasing potential yield.  Carnamah and Westonia only 
needed higher seed rates in the better environments.  Calingiri and Karlgarin needed higher 
seed rate under most situations. 
AIM 
To provide variety specific information on optimum seed rates (plants/m2) and optimum sowing times 
for new wheat varieties and crossbreds with potential for release to assist growers in the northern 
wheatbelt to choose appropriate varieties and agronomic practices for increasing yield. 
METHOD 
Twenty-one field trials were conducted in the northern Wheat belt during 1998-2000 at Mullewa, Yuna, 
Morawa and Mingenew involving new wheat varieties and elite crossbreds. The  varieties were tested 
at 2-3 times of sowing ranging from early-May to early-July and five plant densities ranging from 
50 plants/m2 to 250 plants/m2.  Seed rates for target densities were calculated using germination %, 
seed weight and an expected establishment of 80%.  Data on grain yield, grain protein and screenings 
were recorded.  For time of sowing data, grain yield of each variety was expressed as a proportion of 
the highest yielding treatment in each trial.  
RESULTS 
Time of sowing 
Varieties differed for the rate of grain yield decline over time.  The yield of most long duration varieties 
declined steeply after with later sowing (e.g. Karlgarin, Yitpi, Figure 1). 
Figure 1. Effect of sowing time on grain yield of long duration wheat varieties.  
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Medium maturity varieties (data not shown) also showed a steep decline after late-May.  
WAWHT2212, potential APW crossbred for 2001 release, not only maintained yield equivalent to 
Westonia at later sowings, but was the top ranking at early sowing.  Arrino’s protein level increased 
above the level required for noodles from July sowing at Mullewa suggesting that reduced nitrogen 
applications would be appropriate for this variety if sown late.  Among short duration varieties (data not 
shown), H45 had the least yield penalty when sown in June.  
Seed rate 
The optimum plant population for all varieties increased with site yield potential.  Varietal differences 
were evident for optimum seed rate in each trial.  The ways in which the optimum varied with 
increased yield were variety specific. 
Figure 2. Optimum plant populations (plants/m2) of new wheat varieties. 
Westonia and Carnamah required high seed rate in higher yielding sites.  Brookton required moderate 
seed rate under all situations.  Long duration varieties, Calingiri and Karlgarin, had higher optima even 
in the low yielding trials.  Arrino had a moderate optimum under lower yielding conditions but 
responded to seed rate under better growing conditions.  Screenings levels generally improved with 
increasing seed rate.  WAWHT2212 had lower screenings levels than the other varieties.  
KEY WORDS 
wheat agronomy, new varieties, management 
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Wheat agronomy research on the south coast 
Mohammad Amjad and Wal Anderson, Agriculture Western Australia, Esperance 
and Northam 
KEY MESSAGE 
• Based on the results of 1999 and 2000, the South Coast wheat growers may consider Camm as 
one of the best options in addition to Cascades, Carnamah, Perenjori and Stiletto.  
• Weather and climatic conditions and high foliar diseases have generally reduced yield and 
particularly downgraded quality of the premium paying wheat varieties such as Brookton, 
Cunderdin and Westonia on the Esperance and Lakes regions in 1999. 
• Selecting two or three varieties with varying maturity, disease resistance, and quality 
characteristics may reduce weather and climatic risks and provide the best return. 
BACKGROUND AND AIMS 
The South Coast environment is considerably different from the more traditional grain growing areas of 
the Western Region.  The soils are also different with particular problems of boron toxicity, zinc and 
manganese deficiency, non-wetting and waterlogging in some parts.  The season is longer than in 
other zones with similar rainfall, there is greater component of summer rainfall and these factors, 
combined with mild winter temperatures, results in greater problems with sprouting, staining of grain 
and the foliar diseases of leaf and stem rust and the septorias.  Other major disease problems include 
take-All, rhizoctonia and Barley Yellow Dwarf Virus.   
Growers in the area are offered a choice of wheat varieties for which there is often little relevant 
information.  Recently, a new GRDC research project on wheat variety-specific agronomy on the 
South Coast commence as a joint venture between AGWEST and the South East Premium 
Wheatgrowers Association (SEPWA).  Two types of research is being undertaken; small-scale 
intensive research and commercial-scale extensive research.  During 1999 and 2000, trials were 
conducted to test newly released wheat varieties and expected releases from Western Australia, 
South Australia, NSW, Queensland and Victoria for their suitability in the South Coast environment. 
The project has adopted a multidisciplinary and multidirectional research and development approach 
in partnership with growers.  A project advisory team (consists of researchers, growers and extension 
specialists) is supervising the research activities.  
The aims of the project 
1. To test advanced lines and new varieties of cereals for adaptation to local soil and climatic 
conditions on the South Coast. 
2. Reduce the adoption time for new varieties by developing variety specific agronomic packages 
for all promising new lines and varieties. 
3. Assist plant breeders, both local and interstate, in development of varieties at the local level. 
METHOD 
Investigations were carried out during 1999 and 2000 to evaluate the performance of modern wheat 
cultivars for both yield and quality. 
During 1999, the influence of sowing date on growth, yield and quality of modern wheat cultivars was 
investigated.  Sowings were made on three occasions from mid May to mid-June at six sites in the 
Esperance and Lakes regions.  These trials were carried out with 16 varieties in a range of soils, 
rainfall zones and rotations (including canola, lupins, peas and pastures).  There were 10 premium-
paying varieties (including Brookton, BT Schomburgk, Camm, Carnamah, Cunderdin, Cascades, 
Karlgarin, Perenjori, Stiletto and Westonia) and 6 noodles and soft grades (such as Ajana, Arrino, 
Calingiri, Krichauff, Tincurrin and WAWHT2179).  Experiments were monitored for crop emergence, 
growth, green leaf area and disease incidence during the growing season.  
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During 2000, a total of 19 small-scale experiments were conducted with 21 modern wheat cultivars 
from Western Australia and interstate.  These lines were from the breeding program of Agriculture 
Western Australia and from other states including South Australia, New South Wales, Victoria and 
Queensland.  Some of the new premium-paying varieties included in the trials were Giles, Chara, Mira, 
Mitre, Kukri, Kennedy, Wylah, Whistler, Yitpi, H45 and Camm.  These varieties were assessed for their 
yield potential, susceptibility to disease and weather damage, quality parameters and classification, 
soil factors, local adaptation and profitability in a range of soil-moisture and rotation systems 
throughout the Esperance port zone.  In addition, 11 commercial scale experiments were conducted in 
collaboration with the SEPWA, using their resources.  All experimental sites (a total of 30) throughout 
the Esperance port zone were monitored for crop emergence, growth and diseases during the growing 
season.  
RESULTS AND DISCUSSION 
A strong interaction existed between green leaf area index, foliar diseases and yield of premium-
paying modern cultivars such as Camm, Carnamah, Cascades and Westonia on the Esperance 
sandplain (high rainfall) and mallee soils (low rainfall).  Foliar diseases reduced the green area index 
(GAI) and ultimately affected the yield of all varieties.  This effect was particularly more devastating on 
the Esperance sandplain than mallee soils.  
The maximum green area index of Camm was greatest at both sites.  This was probably the result of 
Camm’s later maturity and superior disease resistance.  Carnamah outyielded Cascades on the 
mallee site but not on the sandplain site mainly due to higher GAI and less leaf disease at Salmon 
Gums. In a high disease season, Carnamah was the second best after Camm and could be 
considered a better alternative to Cascades on mallee soils.  There was no difference in the yield 
(1.75 t/ha) and quality of Carnamah and Cascades on sandplain soils despite a difference in disease 
levels (56 and 73%, respectively).  Westonia was the highest yielding variety at Salmon Gums but was 
the lowest yielder at Gibson.  Westonia was found susceptible to stem rust during 1999 and could be a 
risky option on the sandplain, particularly in high rainfall areas. 
At the time of reporting, the 2000 harvest data are being analysed.  The complete results of 2000 will 
be presented at the Agribusiness Crop Updates 2001.  Despite the dry season of 2000, Camm 
performed very well in both yield and quality. 
The following are the key research messages: 
• Based on the results of 1999 and 2000, the South Coast wheat growers may consider Camm as 
one of the best options in addition to Cascades, Carnamah, Perenjori and Stiletto.  
• Weather and climatic conditions and high foliar diseases have generally reduced yield and 
particularly downgraded quality of the premium paying wheat varieties such as Brookton, 
Cunderdin and Westonia on the Esperance and Lakes regions in 1999. 
• Selecting two or three varieties with varying maturity, disease resistance, and quality 
characteristics may reduce weather and climatic risks and provide the best return. 
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Influence of sowing date on the wheat yield and 
quality in the south coast environment 
Mohammad Amjad and Wal Anderson, Agriculture Western Australia, Esperance 
and Northam  
KEY MESSAGE 
Experiments were conducted to study the influence of sowing date on the variation in growth, yield 
and quality of 16 wheat cultivars in the South Coast environment of Western Australia.  Sowings were 
made on three occasions from mid May to mid June on the Esperance Sandplain (high rainfall > 450 
mm) and Mallee soils (low rainfall < 350 mm).  The wheat varieties tested included early maturity, 
medium maturity and late maturity types.  
Camm, the triple rust resistant variety, has performed extremely well in both environments for growth, 
yield and quality including protein, sprouting, staining and falling numbers.  Perenjori, Stiletto, 
Karlgarin, Carnamah and Cascades performed reasonably well in spite of heavy infections of leaf 
diseases at anthesis at both sites.  Quality issues such as grain sprouting and staining downgraded 
more of the high yielding varieties on the sandplain compared to the Mallee.  Brookton, Carnamah, 
Cunderdin, Krichauff, Tincurrin and Westonia yielded well but were downgraded because of sprouting 
(low falling number) and fungal staining.  
MATERIALS AND METHODS 
During 1999, wheat cultivars of different maturity were sown at three sowing dates at a rate of 
75 kg/ha on the sandplain (high rainfall) and at 50 kg/ha in the mallee (low rainfall) on the South 
Coast. The first sowing was completed immediately after the break of the season on May 18 and then 
at an interval of two weeks.   
Sixteen wheat varieties were as follow: 
• Early maturity (short season):  Ajana and Westonia. 
• Medium maturity (average season):  Arrino, Bt-Schmbrk, Carnamah, Cunderdin, Karlgarin 
Perenjori, Tincurrin and WAWHT2179. 
• Late maturity (long season):  Brookton, Calingri, Camm, Krichauff and Stiletto. 
Data on crop growth, disease, yield and grain quality was collected.  No foliar sprays were applied 
during the growing season.   
RESULTS AND DISCUSSION 
During 1999, the wheat yields were reduced due to a high incidence of foliar diseases including leaf 
rust and septoria and then stem rust later in the season.  
On the sandplain, the medium maturity varieties Cunderdin, Perenjori, Karlgarin and Tincurrin, and the 
late maturity varieties Camm and Krichauff were the highest yielding (more than 3 t/ha) from a mid 
May sowing.  The early maturity varieties Ajana and Westonia were lower yielding. 
On the mallee soils, the early maturity Ajana, the medium maturity Carnamah and Cunderdin, and the 
late maturity Brookton, Camm and Krichauff were the highest yielding varieties (more than 3 t/ha) from 
a mid May sowing.  
The 1999 harvest on the South Coast was also comparatively wetter than normal.  Grain quality 
problems such as grain sprouting; staining and low falling numbers had downgraded more of the high 
yielding varieties on the sandplain compared to the mallee soils.  Brookton, Carnamah, Cunderdin, 
Krichauff, Tincurrin and Westonia yielded well but were downgraded because of low falling number 
particularly following a mid May and early June sowing.  The mid June sowing produced comparatively 
higher quality grain for most of the premium-paying varieties.  No grain quality problems were 
recorded in the mallee soils regardless of sowing date or varieties.   
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CONCLUSIONS 
Weather and climatic conditions and high levels of foliar diseases reduced wheat yields on the South 
Coast during 1999.  The wetter than usual harvest conditions also caused grain sprouting (low falling 
number) and fungal staining, including blackpoint, particularly on the sandplain soils compared to the 
mallee soils.  Selecting two or three varieties with varying maturity, disease resistance, and quality 
characteristics may reduce the risk to yield and quality from adverse weather and climatic conditions.  
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More profit from durum 
Md.Shahajahan Miyan and Wal Anderson, Agriculture Western Australia, Northam 
KEY MESSAGE 
Given the relative yields and expected price advantage for durum we suggest that durum wheat that 
meets the requirements for ADR1 or ADR2 will most often be more profitable than bread wheat in the 
low and medium rainfall areas. 
INTRODUCTION 
Durum wheat (Triticum turgidum var.durum) is closely related to bread wheat (Triticum aestivum) and 
is grown mainly for processing into semolina for pasta manufacture.  The milling products of durum 
wheat are semolina (which is a coarser flour used for making pasta), flour and bran.  Bread wheat 
mills into flour and bran only. 
Durum wheat is more suitable for foods such as pasta, couscous, frike,and burghul.  It is also used to 
produce puffed wheat breakfast cereals, flat  breads (which have a longer shelf life) and as a thickener 
in soups and baby foods. 
The traditional durum production areas in Australia are the northern wheat belts of NSW, and the mid 
North and Yorke Penninsula in SA.  There is limited production in southern QLD and in Western 
Australia. 
OPPORTUNITIES AND POTENTIAL FOR WA 
Durum wheat has opened up the new opportunity for the growers of WA for the following reasons: 
• Ideal Mediterranean climate throughout the wheatbelt, with good winter rains and dry grain filling 
periods. 
• Domestic Durum has a $20-25 substantial premium over Australian Prime Hard Wheat at 
national pool price. 
• Market is buoyant (durum wheat and pasta consumption is increasing) and we are close to 
expanding markets in South East Asia. 
• Three million hectares of land are suitable for durum production in WA. 
DURUM WHEAT VARIETIES 
Grain yield, adaptability, disease resistance and grain quality are important considerations when 
growing durum wheat. 
Kamilaroi-released in 1982, is a lower yielding variety than Yallaroi, but similar in other attributes. 
Yallaroi-released in 1988, is the main variety grown in SA and is the preferred variety for high yield 
environments. It is an early maturing variety, with better dough strength and CCN resistance. 
Wollaroi-released in 1990, is seven days earlier than Yallaroi with similar yield and disease resistance 
to Yallaroi but it is susceptible to CCN. It is suitable for low rainfall environments 
Kronos-is a very early maturing USA variety released under PBR by Cultivaust Pty Ltd.  It has large 
grain size, which needs segregation, as it has to be milled separately. 
Tamaroi-released in 1998, is two days earlier than Yallaroi.  It has higher grain yield than Yallaroi with 
good grain quality and similar disease resistance.  It is suitable for medium to high rainfall 
environments. It has yielded well in trials and farmers fields. 
All varieties of durum wheat are resistant to stem, stripe and leaf rust and moderately resistant to 
Septoria tritici and yellow leaf spot. 
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SEEDING TIME 
Sow as late as mid June but the optimum time is May. 
YIELD 
When grown in the medium to low rainfall areas on clay loam soils the best durum's are yield only 
5-10% less than the best bread wheats. 
Prices ($/t) of Durum relative to bread and noodle wheat, 1998-2001 
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Enhancing recommendations of flowering and yield 
in wheat 
James Fisher1, Senthold Asseng2, Bill Bowden1 and Michael Robertson3 
1Agriculture Western Australia 
2CSIRO Plant Industry, 
3CSIRO Sustainable Ecosystems 
KEY MESSAGE 
Agronomic packages tend to deliver recommendations to growers based on what will happen ‘on 
average’, because there is never enough research information to address the vast combinations of 
soil, location and season which make up the farming systems in any region. 
In this project we are using a validated simulation model, the Agricultural Productions Systems 
Simulator (APSIM), to enhance current decision support by providing simulated data for wheat for the 
entire seasonal record for locations throughout the agricultural areas of Western Australia. 
This paper describes the performance of the APSIM model in predicting the flowering time of two 
cultivars of wheat grown at eight locations in Western Australia.  More importantly, the potential for 
outputs from the model to be used to extend the number of ‘trial-years’ and enable recommendations 
to be made based on probable outcomes is highlighted. 
AIMS 
This study tested whether the APSIM model can be used to predict the flowering dates of wheat in 
Western Australia. In addition, simulated yields for a range of sowing dates and 100 seasons were 
used to illustrate the potential for model outputs to provide useful information to farmers. 
METHOD 
Observed flowering dates 
Dates of anthesis for Spear and Kulin were obtained from results of field trials conducted by 
Agriculture Western Australia (1), Gregory and Eastham (2) and unpublished work by R.J. French.  In 
these trials, crops were sown at various dates between 9 April and 19 July. 
Long-term simulations of flowering dates and yields 
Growth of Spear and Amery was simulated in a loamy sand using the APSIM model.  Amery was used 
in place of Kulin in the simulation runs since it is the current variety and they have almost identical 
phenology.  Model runs were conducted using historical weather data for 1900 to 1999, with each 
variety ‘sown’ on at least 51 fixed sowing dates between 9 April and 19 July in each year. 
Maximum simulated yields at Wongan Hills (1900-99) were grouped according to classifications of 
season type based on above or below average annual and early season (April to May) rainfall. 
RESULTS 
There was good agreement between the observed and simulated dates of anthesis over the eight 
locations (Figure 1).  In general, the observed and simulated anthesis dates were closer for later 
sowings. 
Maximum simulated yields are generally higher in seasons categorised by above average early-
season and annual rainfall compared with those receiving average or below (Figure 2). 
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Figure 1. Observed and simulated dates of anthesis (day of year) for the Amery and Spear grown at 
eight locations between 1989 and 1993. 
Figure 2. Maximum simulated yield of Amery and Spear for 100 years at Wongan Hills.  Enclosed 
symbols are for seasons receiving above average annual rainfall, open for average or below; 
triangles are for seasons receiving above average early-season rainfall (April to May) and 
circles average or below early season rainfall. 
CONCLUSION 
Anthesis dates for wheat predicted using the APSIM model were generally in good agreement with 
field observations at eight locations in south western Australia.  Use of a large dataset of simulated 
yields categorised into broad season types illustrates the use of data from a validated simulation 
model to compliment that from variety testing programmes. 
KEYWORDS 
wheat (Triticum aestivum L.), yield, modelling, APSIM 
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When and where to grow oats 
Glenn McDonald, Agriculture Western Australia, Katanning 
KEY MESSAGE 
• Oats are a better option than other cereals in certain situations. 
• Oats have a place in most cropping programs. 
• Optimum plant densities are higher than those currently used. 
• Sowing time should be managed to suit the paddock conditions. 
2000 REVIEW 
The 2000 season was a difficult one for both oat growers and buyers.  The late start to the season and 
the lack of finishing rains reduced the potential biomass and yield of the state’s oat crop.  To ensure 
that there was enough hay to meet export demand Western Australian hay buyers began offering 
higher prices for oaten hay.  As a result many oat growers, and numerous wheat growers, cashed in 
on the high hay prices.  To top it off, the lack of spring rain reduced pasture growth, resulting in more 
grain being held on farm.  All these factors contributed to a reduction of grain available to export and 
processing markets, thus prompting the highest prices seen over the last four years for all oat 
products. 
A dehulled grain limit of 10% (by count) in milling oat grades was introduced for the 2000 season at 
receival points.  The dehulled grain limit was a response to customer complaints that dehulled grain 
can cause rancidity in stored oats.  By increasing the dehulled grain proportion, growers either 
deliberately or inadvertently increased the sample hectolitre weight.  Presently hectolitre weight is the 
key quality measurement used to determine whether the grain is acceptable for delivery.  Hectolitre 
weight is becoming less important to both domestic and overseas processors, whilst groat per cent 
and milling yield are becoming increasingly important.  Hectolitre weight was originally introduced as 
an easy way of measuring groat percent, however current research is establishing the protocols for 
measuring groat per cent using NIR technology.  This raises the question of how long will it be before 
groat per cent measurements replace hectolitre weight at receival points? 
The 2000 season saw a change in direction for oat agronomy research from sowing time and seed 
rate trials to trials that help growers solve specific problems.  Results from trials conducted in 2000 
have been included below. 
WHAT USE ARE OATS? 
Oats have a wide adaptation and can be successfully grown in all Western Australian agricultural 
areas.  Where oats surpass other cereals is in frost prone areas, acid soils, and wet to waterlogged 
soils.  Oats are not affected by the same leaf diseases as other cereals and are more tolerant to 
Take-all.  The dominance of oats in the hay market is a result of it’s finer, more digestible stems and 
higher biomass.  Oats are an excellent early competitor with weeds and are often used to remove 
grasses from pastures.  The grain is relatively safe to feed to ruminant livestock.  Oats are a lower risk 
crop than the other cereals and regarded as “an easy crop to grow”. 
There are good markets for oats both domestically and internationally but the price paid to growers 
fluctuates considerably from $140/t to $80/t.  High pre-seeding prices result in increased oat sowings 
but when pre-seeding prices are low, less oats are sown.  This results in varied levels of production.  
Due to the variability in production, exporters find it difficult to expand oat markets internationally as 
the consistency of supply cannot be maintained.  As a result, during high production years the surplus 
grain is sold at a lower price. 
WHERE IN THE CROPPING PROGRAM? 
Oats can be grown where they are more suited to the conditions than other cereals.  This includes 
areas prone to frost, waterlogging and acid soils.  Oats should be grown where any grass weeds have 
been previously controlled or at least one useful knockdown has been applied prior to sowing.  This is 
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most important due to the lack of effective in-crop grass weed herbicides.  In saying this, high density 
oat crops can assist in the control of grass weeds through competition, especially if the oats are cut for 
on-farm hay.  The hay may not be suitable for export due to the limits on the amount of weeds 
accepted at delivery. 
Oats should be considered as a second cereal where there is a risk from Take-all or in any high 
rainfall area as a high yielding crop.  It is not advisable to sow oats late in low to medium rainfall areas 
as oats suffer from lack of moisture during grain filling.  This lack of moisture reduces yield, hectolitre 
weight and other key quality characteristics. 
WHAT PLANT DENSITY AND WHEN? 
If grass weeds are present then a higher seeding density should be adopted.  Similarly if waterlogging 
is likely then to compensate for the expected reduced tillering the seeding density should be 
increased.  Areas likely to be waterlogged should also be sown as early as possible, providing the 
weed densities are low. 
In low and medium rainfall areas oats are best sown in late May to early June at 185-250 plants/m2 for 
non-dwarf oats (variety dependent) and 240 plants/m2 or higher for dwarf varieties.  In medium rainfall 
areas with a mid to late June sowing there is unlikely to be a lodging problem in non-dwarf varieties.  
Therefore higher densities can be used for both non-dwarf and dwarf varieties.  The higher seed rate 
will also increase the harvest height by making the dwarf varieties grow taller.  In high rainfall areas 
when sowing late May to early June, non-dwarf seed rates should be reduced, especially for varieties 
prone to lodging (e.g. Pallinup).  In some high rainfall situations dwarf varieties, when sown at high 
densities may suffer from weak straw strength.  This is where the crop doesn’t lodge but the base of 
the panicle breaks. 
Delayed sowing, in the absence of any other factor, will reduce the yield and hectolitre weight of most 
varieties (Table 1).  When delayed sowing is combined with other factors (e.g. waterlogging, poor 
weed control pre-sowing or lodging induced shedding) the effect on both yield and quality alters.  For 
example, the reduction in yield and hectolitre weight with delayed sowing and waterlogging is more 
than delayed sowing alone.  However you are more likely to get an improvement in yield but delayed 
sowing and spraying weeds with a knockdown herbicide compared with sowing early and having 
weeds in the crop. 
Table 1. Sowing time effect on yield and hectolitre weight of oats 
Delay sowing + environment factor 
Range* 
Yield(kg/ha/day) Hectolitre(g/day) 
Feed Milling Feed Milling 
Delay sowing (-84) – 2 (-82) – 0 (-287) – 64 (-246) – 65 
Delay sowing + waterlogging (-66) – (-19) (-59) – (-12) (-47) – (-33) (-49) – (-37) 
Delay sowing + weeds (less) 36 – 37 37 – 45 (-71) – 65 0 – 60 
Delay sowing + shedding (less) 28 – 147 50 – 121   
*  Varieties of same plant type at each site averaged and the range of these averages shown. 
CONCLUSIONS 
Oats can be more than a ‘throw away’ crop that is poorly managed.  With a bit of input oats could be 
an important component in many cropping systems.  Oats are ideally suited to areas with growing 
conditions where other cereals are less tolerant.  Sowing densities is an important management tool to 
successfully grow oats and control weeds and diseases.  Because of the wide adaptability of oats they 
can be sown at a range of times provided the variety’s plant type is considered. 
Project No.: DAW 497 
Paper reviewed by: Natasha Littlewood 
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Managing Gairdner barley for quality 
Kevin Young and Blakely Paynter, Agriculture Western Australia 
BACKGROUND 
Gairdner barley is our first real option as an export quality barley for high rainfall areas.  Since it’s 
release as a malting variety, Gairdner has been grown with mixed success. 
The highlights for Gairdner are: 
1. High yield potential (as good as many of the feed varieties, with reports of yields over 5 t/ha). 
2. Can produce grain suitable for export (whereas Franklin failed to meet export grain size targets). 
3. Being used by Chinese maltsters. 
The disappointments seen with Gairdner are: 
1. Variability in grain protein (particularly with a large number of low protein deliveries). 
2. Variability in grain size (particularly in the presence of spot-type net blotch). 
3. Reports of weak straw and excessive lodging. 
In order to make the most of this variety we must recognise its limitations and manage it accordingly 
until an improved variety is released.  This paper reviews the key agronomic factors in the 
management of Gairdner barley for yield and quality.  It also previews the performance of some late 
spring maturity lines that are candidates for release as replacements for Gairdner barley. 
GAIRDNER MANAGEMENT 
The season obviously plays a big part in the problem of high screenings.  The effect of an adverse 
finish can be partly offset by ensuring that Gairdner is sown at the optimum time.  In general terms this 
is the first few days of May in the medium rainfall areas, getting progressively later as rainfall 
increases, but no later than the third week of May in the higher rainfall zones.  Soil type, rotation, leaf 
diseases and nitrogen supply interact strongly to effect screenings, grain protein and straw strength.  
Soil type and sowing date 
The combination of soil type and sowing date is crucial to Gairdner’s chances of achieving the malting 
grade. 
In the high rainfall areas the optimum sowing time is mid May with good results possible right up to the 
end of May. Gairdner is best adapted to deeper sands where it is better able to withstand a dry spring.  
On shallow duplex soils that have poor moisture holding capacity, May sowing is essential in all areas.  
They will still give high screenings if September/October rainfall is well below average.  
In the southern medium rainfall areas early to mid May sowing is essential.  Shallow duplex soils are 
very risky unless the subsoil has reasonable structure and good moisture holding capacity. 
Rotation 
In areas and on soils where take-all is a problem, Gairdner should be sown after a cleaning crop such 
as canola, oats or after lupins if soil organic carbon is low.  In the absence of take-all, Gairdner can be 
sown as the second cereal after lupins or peas (i.e. following wheat). 
Straw strength is greatly influenced by rotation.  Early sown Gairdner is much taller than later sown 
and Gairdner following lupins or pasture will generally be taller than after canola or wheat.  Lodging is 
worse after maturity so crops that are direct headed will lodge more than those that are swathed. 
Whilst some success has been observed in controlling spot-type net blotch using the foliar fungicide 
propiconazole at mid stem elongation, the presence of spot-type net blotch will limit grain size in 
Gairdner barley.  Gairdner should not be sown in a paddock which contains barley stubble and where 
possible it should not be sown next to a paddock containing Gairdner or Franklin stubble. 
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Nitrogen supply 
The practice of soil testing and then determining the optimum nitrogen rate with the ‘Nitrogen 
Calculator’ is the best way to keep protein at the desired level and avoid excessive screenings.  There 
are two points to note about Gairdner barley: 
1. Yield potential  -  It is very important to emphasise that Gairdner is a very high yielding variety 
and that allowance must be made for the expected increase in yield by entering a yield value 
that is in the order of 1 t/ha greater than a Stirling crop.  
2. Nitrogen use efficiency  -  Gairdner barley is not like other malting barley varieties currently 
received in Western Australia.  Gairdner is less efficient than Stirling at transferring the nitrogen 
in it’s straw to its grain.  Research trials have shown that at the same yield as Stirling, grain 
protein levels in Gairdner barley are lower than in Stirling barley. 
It is therefore suggested that the following strategies should be considered when fertilising Gairdner 
barley with a liquid or granular fertiliser.  One suggestion is to split your nitrogen application.  Apply 
your first nitrogen application within two weeks of seeding to set up early tillers and the second 
application delayed until around 8 weeks to maintain yield potential and bring grain protein into the 
window for malting barley.  Another suggestion to consider would be to target a higher protein level on 
the nitrogen calculator (say 11% protein rather than 10.5%) and apply some extra fertiliser nitrogen for 
protein.  
It may be tempting to sow Gairdner barley on legume stubble to increase grain protein.  Grower 
experience tells us that problems with straw strength and lodging may offset any potential benefit for 
protein management.  This may be particularly so on high organic carbon soils or where the legume 
crop in the previous year had a high level of biomass relative to the grain harvested (lots of nitrogen 
left behind). 
ELITE CROSSBREDS TO REPLACE GAIRDNER BARLEY 
The AGWEST Barley Agronomy program has the task of assessing elite crossbreds in the final stages 
of testing.  This serves two purposes, firstly to add information to the database that will decide which 
line will ultimately be released, and secondly to provide enough information to publish a management 
package at the time of release.  
In 2000 there were two AGWEST bred lines  -  WABAR2076 and WABAR2080 and one University of 
Adelaide bred line WI-3073 assessed in the agronomy program for the high rainfall areas.  The local 
lines arose from the cross Stirling/Franklin, whilst the South Australian line is from the cross 
Skiff/Franklin.  An early assessment suggests that the local lines show much better potential than the 
South Australian line for grain size.  
The most important aspect about the lines being evaluated is that all lines are similar height, straw 
strength and maturity to Fitzgerald with improved malting quality and grain size compared to Gairdner.  
The lines are also consistently similarly yielding to Gairdner and Fitzgerald across a range of 
environments 
WABAR2080 is very promising as it has the best micro-malting quality ever observed by the Western 
Region Barley Improvement Program.  WABAR2076 showed good grain size results in the dry season 
of 2000.  Resistance to leaf disease appears to be similar to Gairdner, although to improve resistance 
spot type net blotch is a high priority.  There is also some indication from agronomy trials sown in 
2000, that these elite lines have greater daylength sensitivity than Gairdner, probably like Skiff.  This is 
an important characteristic for adaptability to sowing date which both Stirling and Skiff exhibit. 
According to Dr Reg Lance, Barley Breeder at AGWEST, there is enough seed of WABAR2080 to 
start commercial evaluation in 2001. Potential release dates from this commercial evaluation 
(assuming they meet commercial malting and brewing criteria) would be 2003 or 2004.  
In the meantime efforts to manage the limitations of Gairdner barley will benefit the release of the 
Gairdner ‘replacement’. 
Project No.: DAW 550 
Paper reviewed by: Dr R.C.M. Lance 
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Strategies for leaf disease management in wheat 
Jatinderpal Bhathal1, Cameron Weeks2, Kith Jayasena1 and Robert Loughman1 
1Agriculture Western Australia. 2Mingenew-Irwin Group Inc. 
KEY MESSAGES 
• Disease management strategies need to be tailored to varieties to achieve optimal crop 
performance. 
• A two spray program (early stem elongation plus flag emergence sprays) was more effective 
than combining seed treatment or in-furrow fungicide with flag emergence sprays in high leaf 
rust situations. 
• Triazole fungicides have a broad range of activities.  Among these, triadimefon provides the 
most cost-effective control of leaf rust and powdery mildew whereas propiconazole is most 
effective for yellow spot. 
INTRODUCTION 
The most important leaf diseases of wheat in Western Australia are yellow spot, septoria blotches, leaf 
and stem rust and powdery mildew.  Fungicide spray experiments in commercial crops have 
demonstrated up to 40% yield increase (between 5 and 15 per cent are more common).  Fungicides 
can improve grain density and reduce screenings.   
The response to fungicide disease control is variable and determined by factors such as varietal 
resistance, disease spectrum and severity, crop potential, future disease risk (weather) and cost.  
Opportunities exist for fine-tuning fungicide management by taking these different factors into account. 
VARIETY 
A range of experiments with leaf rust have shown that highly susceptible varieties like Ajana respond 
routinely to fungicide disease control, whereas highly resistant varieties like Camm generally are 
unresponsive (Table 1).  With early leaf rust occurrence, fully susceptible varieties (e.g. Ajana) may 
require more than one spray to achieve their yield potential.  Response of varieties with intermediate 
(e.g. Brookton) and moderate resistance (e.g. Carnamah) vary with disease pressure.  In most 
scenarios varieties with intermediate resistance need only one spray to prevent most yield losses.  
Losses with moderately resistant varieties are less but these varieties can sometimes benefit from 
spray treatment. 
Table 1. Response of different varieties to fungicide control of leaf rust in 1999 and 2000 at Mingenew 
Variety 
1999 2000 
Yield 
potential 
(t/ha) 
Total yield 
loss 
(%) 
Preventable 
yield loss* 
(%) 
Yield 
potential 
(t/ha) 
Total yield 
loss 
(%) 
Preventable 
yield loss* 
(%) 
Ajana 3.76 28 20 3.60 22 10 
Brookton 4.08 7 3 3.70 15 12 
Cascades 3.34 14 6 2.95 15 9 
Westonia 3.64 7 7 4.05 14 8 
Carnamah 4.06 7 4 3.67 10 7 
Camm - - - 3.41 4 2 
Spear 3.90 25 24 - - - 
Arrino 3.56 20 18 - - - 
Amery 3.16 19 17 - - - 
*  The per cent yield loss which is prevented with a single spray at flag leaf emergence. 
SEED/IN-FURROW TREATMENTS AND FOLIAR SPRAYS 
In an average season, single application of fungicide applied at full flag leaf emergence (Z39 growth 
stage) provides the most economic disease control.  However, in seasons when risk of early leaf rust 
prevails, an earlier fungicide application (early stem elongation) in conjunction with normal timing 
(around Z39) spray can be advantageous.  Experiments in 2000 have shown that early disease can be 
more effectively managed by an early (Z31 growth stage) foliar spray than seed treatment or in-furrow 
fungicide (Table 2). 
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Table 2. Effect of early season fungicide treatment, normal timed fungicide spray and their 
combination on yield and profit of wheat cultivars affected by leaf rust at Gibson and 
Mingenew 
Early season treatment 
Normal 
timed 
spray 
Stiletto 
(Gibson) 
Ajana  
(Mingenew) 
Carnamah  
(Mingenew) 
Yield 
t/ha 
% of 
Nil 
Est. 
profit 
$/ha 
Yield 
t/ha 
% of 
Nil 
Est. 
profit 
$/ha 
Yield 
t/ha 
% of 
Nil 
Est. 
profit 
$/ha 
Untreated seed Nil 3.7 100 - 2.8 100 - 3.4 100 - 
Real @ 150 mL/100 kg seed Nil 3.8 103 8 - - - - - - 
Triadimefon-in-furrow 125 gai/ha Nil 4.0 108 40 - - - - - - 
Triad 125 EC 1000 mL/ha at Z33 Nil 4.5 122 112 - - - - - - 
Untreated seed Z41 spray* 4.5 122 101 3.0 107 21 3.7 106 23 
Triadimefon-in-furrow 125 gai/ha Z41 spray 4.7 127 128 3.3 115 48 3.6 105 7 
Real @ 150 mL/100 kg seed Z41 spray 4.7 127 123 3.2 111 43 3.7 106 28 
Triad 125 EC 1000 mL/ha at Z33 Z41 spray 5.0 135 152 3.6 128 94 3.9 113 44 
LSD 5%  0.2   0.1   0.1   
*  Folicur 430SC 145 mL/ha at Gibson and Tilt250EC 250 mL/ha at Mingenew. 
WHICH FUNGICIDE 
In a range of experiments with triazole fungicides propiconazole provides most effective control of 
yellow spot.  Triadimefon has provided highly cost-effective control of leaf rust and powdery mildew.  
FUNGICIDE SPRAYING METHOD 
Past research has shown that a plane can be just as effective as a ground boom.  Grower experiences 
in 2000 suggest that in high disease pressure situations the higher water volumes available through a 
boom may allow better disease control.  Some in crop comparisons carried out by the Mingenew-Irwin 
Group in 2000 showed that boom spray wheel damage is minimised when a Rogator is used.  Three 
harvest trials showed an average of 0.7% yield loss associated with wheel tracks when spraying took 
place at flag leaf emergence. 
Because timing of application is critical a grower needs to decide the best method of application based 
on access to plane or Rogator and whether or not disease pressure warrants rapid control and the 
flexibility of high water volumes.  
CONCLUSIONS 
Variability in yield response with fungicide relates partly to varietal resistance, disease spectrum and 
severity, and seasonal conditions.  Number of applications and rates of fungicide needs to be tuned 
with these factors.  Multiple foliar sprays are more cost effective than seed treatment and in-furrow 
fungicide in controlling early infection of leaf rust on susceptible varieties. 
Selecting which fungicide depends on disease spectrum.  Commercially available triazole fungicides 
provide effective control of leaf rust whereas their effectiveness varies against yellow spot.  
Propiconazole is most effective when controlling yellow spot.  Aerial and ground sprays are effective in 
controlling disease.  Timing is more important than the method of application.  The most timely 
application method should be used.  Severe disease should be controlled earlier with rates 
appropriate to the duration of control required.  Predicting future disease risk using local weather 
variables will help in further refining of fungicide spray decisions. 
AGWEST research is supported with financial assistance provided by GRDC.  The provision of 
samples by fungicide manufacturers and cooperation of growers is gratefully acknowledged. 
GRDC Project No.: DAW 488, DAW 589 
Paper reviewed by: Dominie Wright 
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Strategies for leaf disease management in malting 
barley 
K. Jayasena1, Q. Knight2 and R. Loughman1 
1Agriculture Western Australia, 2IAMA Agribusiness 
KEY MESSAGES 
• Cultivars Stirling and Gairdner differ in disease susceptibility and disease management can 
reflect this.  Disease incidence also differs with regional environment. 
• Throughout all barley growing regions powdery mildew is widespread and cv. Stirling is most 
prone.  Powdery mildew has most yield impact early in the crop's life, when tiller numbers are 
set.  Choose from seed treatments, in-furrow fungicide treatment or fungicide spray to control 
this disease.  Triadimefon sprays were as effective as propiconazole for control of powdery 
mildew with later onset of the disease. 
• In south coast regions spot-type net blotch is widespread, mainly affecting cv. Gairdner.  Spot-
type net blotch has most yield impact late in the crop's life, during grain fill.  Seed treatments 
and in-furrow fungicide treatments are ineffective.  Cost effective control can be achieved with 
propiconazole based fungicide spray. 
• Crop rotation and appropriate sowing date are primary components of avoiding severe disease. 
The reduction in cost of fungicides in recent years has made fungicide use more practical for 
augmenting these primary controls. 
BACKGROUND AND AIMS 
While numerous foliar diseases can infect barley throughout the year, disease management should 
target those which have a major impact to yield and quality.  Powdery mildew can reduce yields at 
very early stages during tillering or later in spring.  Spot-type net blotch causes loss of green leaf area  
thus impairing grain filling.  Cultivar choice is dictated by quality grade and suitably resistant cultivars 
are not available for commonly occurring destructive diseases.  Modern cropping practices such as 
stubble retention have encouraged some diseases. 
Various strategies can be adopted to control barley diseases and application of fungicides is an 
additional option in controlling leaf diseases for optimum barley production.  In this situation, 
identification of appropriate fungicides, rates and time of application are vital for effective control that 
optimises yield.  Field trials were conducted to determine the potential role for strategic fungicide use 
to control barley leaf diseases, including off-patent fungicides. 
RESULTS 
Armour® (flutriafol) or Baytan® (triadimenol) seed treatments are commonly used for early season 
disease management in barley.  AGWEST experiments at Katanning have shown similar benefits from 
seed dressing or in-furrow treatments for powdery mildew on cv. Stirling but cv. Gairdner did not 
develop sufficient disease to warrant powdery mildew control in that environment.  Under more 
favourable disease conditions the impact of powdery mildew can extend beyond the 8 week period 
when seed dressings lose their efficacy.  IAMA experiments carried out for the last two seasons 
demonstrated that significant yield benefit could be gained from the use of in-furrow fungicides over 
the standard practice of a fungicide seed dressing (Table 1) in some situations.  Yield increases can 
develop from extended protection against powdery mildew, scald and possibly leaf rust from 8 weeks 
to 16 weeks with use of in-furrow fungicides. 
Late season protection against powdery mildew can also be cost effectively achieved with foliar 
sprays. Fungicide reduced disease and increased yield in Stirling barley grown at Gibson (Table 2). 
Spot-type net blotch has had a significant impact on malting barley production in the south coast 
following adoption of cv. Franklin and expansion of Gairdner which are susceptible the disease.  
Research in 1999 demonstrated economic yield response with Tilt 250EC (propiconazole) when yield 
losses were around 20 per cent under moderate disease pressure.  The performance of propiconazole 
was compared to new generation strobilurin fungicides (Table 3).  Single applications of Tilt 250EC 
(propiconazole) @ 250 or 500 mL/ha significantly improved yield and was equivalent, rate for rate, to 
the most effective strobilurin fungicide evaluated. 
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Table 1. Effect of fungicides on yield of Stirling and Gairdner barley affected by powdery mildew and 
scald in 1999-2000 at two locations (IAMA trial data) 
  Pingrup, 1999 Speddingup, 2000  
Fungicide Rate Yield (Stirling) Yield (Gairdner)  
  t/ha % control t/ha % control  
Baytan (control) 125-150/100 kg 2.95 100 3.50 100 4.50-5.40 
Baytan + Impact* 
250 SC in-furrow 
200 mL/ha 3.30 111 3.53 101 13.00 
400 mL/ha 3.31 111 3.73 107 26.00 
Baytan + Accord** 
125 EC in-furrow 
400 mL/ha - - 3.74 107 3.60 
800 mL/ha - - 3.73 107 7.20 
lsd (5%)  0.26  0.27   
*  Impact contains 250 g/L flutriafol;  **  Accord contains 125 g/L triadimefon. 
Table 2. Effect of fungicide spray on powdery mildew severity and yield of barley cv. Stirling at 
Gibson, 2000 (AGWEST trial data) 
 % Leaf area disease Yield 
 Z49 (26 Aug.) Z59 (7 Sep.) Z83 (5 Oct.)   
 Ave (Flag, F-1, F-2, F-3) Ave (Flag, F-1, F-2)   
Untreated 39 55 84 4.04 100 
Triad 125EC 500 mL/ha  32 77 4.58 113 
Triad 125EC 1000 mL/ha  32 59 4.53 112 
Tilt 250EC 250 mL/ha  34 56 4.55 113 
lsd (5%)  7 16 0.41  
Note:  Fungicides were sprayed on 23 August at late booting (Z49). 
Table 3. Effect of foliar fungicides spray treatments on per cent leaf area and yield affected by spot-
type net blotch on Gairdner barley at Esperance, 2000 (AGWEST trial data) 
  % Disease 
6 Oct. (Z77) 
Yield 
  
  
Ave. Flat 
Ave. F-1 
to F-2 
(t/ha) % 
  
Untreated - 57 99 3.90 100 66.3 14.1 
Best strobilurin 125 16 44 5.03 129 70.0 13.1 
Tilt 250EC 63 27 78 4.61 118 69.7 13.0 
Tilt 250EC 125 11 31 5.16 132 69.7 13.4 
Tilt 250EC x 4 125 x 4 2 8 5.89 151 70.9 13.3 
Lsd (5%)  6.2 6.2 0.50  1.4 0.7 (10%) 
CONCLUSION 
Prevention of early powdery mildew in cv. Stirling using seed dressings such as Armour® and Baytan®  
is often adequate but can be improved in mildew prone environments with in-furrow fungicides.  Early 
powdery mildew control in Gairdner barley may be less critical due to varietal resistance but control of 
spot-type net blotch can be advantageous later in the season.  Specific foliar fungicides can be used 
to manage later infections of powdery mildew and spot type net blotch.  The reduction in cost of 
fungicides in recent years has made the use of fungicides such triadimefon and propiconazole more 
attractive for use in barley leaf disease control strategies. 
ACKNOWLEDGMENTS 
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Cereal disease diagnostics 
Dominie Wright and Nichole Burges, Agriculture Western Australia 
KEY MESSAGES 
• The diagnostic service is a valuable tool for sustaining productive crop industries in Western 
Australia.  The service helps growers to respond appropriately to significant disease constraints, 
and prevents the over reaction to minor or perceived disease threats. 
• A free service for cereal rust identification was offered to growers as part of the GrainguardTM 
initiative.  Wheat leaf rust was detected in 69% of the samples, and wheat stem rust was 
detected in 26% of the samples submitted for rust determination.  Stripe rust was not detected 
and still remains absent from Western Australia. 
• Rust outbreaks, which were predominantly in the Central and South agricultural zones in 1999, 
were predominantly in the Central and North central agricultural zones in 2000. 
• Wheat leaf rust strains remain stable and widely distributed.  Older strains of wheat stem rust 
still predominate throughout most of the wheatbelt. 
• A new strain of wheat stem rust has been detected in the eastern wheatbelt, Esperance, and 
Coorow districts.  This strain is able to attack Halberd, Spear, and Westonia. 
• In wheat the majority of samples had either leaf rust, septoria nodorum blotch or yellow spot. 
• The major leaf disorders identified in barley were spot type net blotch and physiological spotting.  
• The majority of the cereal samples submitted were from the Central, North central and North 
agricultural zones across the low to high rainfall zones.  Leaf rust was the most prevalent 
disease in the M1, M2, M3, and L3 zones.   
SAMPLES RECEIVED 
Each year, the service has received an increasing number of samples submitted indicating a positive 
response from clients.  Demand for the service has remained high, despite the adoption of cost 
recovery principles.   
Last year (2000 growing season) the demand for the service was lower due to the late start in the 
season and the dry conditions that followed in spring.  The majority of the samples received were 
related to cereal leaf diseases and clients used the diagnostic service to assist with vital decisions in 
regards to fungicide application.   
A client feedback survey was conducted and showed that most clients were very happy with service, 
and found the turn around times for cereal leaf diseases greatly assisted them in spray decisions for 
optimum disease control. 
COMMON DISEASES DIAGNOSED 
Leaf and stem rust  
A total of 366 rust samples were passed onto the National Cereal Rust Program at the University of 
Sydney in NSW.  The majority of the samples had wheat leaf rust (70%) detected, while 26% of the 
samples had wheat stem rust.  The main cultivars submitted were Calingiri (11%), Arrino (10%), 
Carnamah and Westonia (8%).  Very few samples of barley were submitted with barley leaf rust (1%) 
Very few oat samples (3%), with oat leaf rust were submitted.  
Wheat leaf rust strains remain stable and widely distributed.  Older strains of wheat stem rust still 
predominate throughout most of the wheatbelt. 
A new strain of wheat stem rust has been detected in the eastern wheatbelt, Esperance, and Coorow 
districts.  This strain increases the risk to Halberd, Spear, and Westonia. 
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Yellow spot and Septoria Nodorum 
The majority of the wheat samples submitted to the diagnostic service were identified with septoria 
nodorum blotch (46%), and yellow spot (23%).  Most of the samples submitted were from the Central 
and North central Agricultural zones.   
Spot type net blotch 
In barley crops the spot type net blotch was the most frequent leaf disease identified.  The diagnostic 
service assisted growers in discriminating between Spot type net blotch, and similar leaf disorders 
caused by physiological spotting or nutritional deficiencies.   
GRDC Project No.: DAW 590 
Paper reviewed by: Robert Loughman 
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The big rust:  Did you get your money back!! 
Peter Burgess, Agritech Crop Research 
KEY MESSAGE 
The outcome of this project will provide growers with agronomic information on the performance of 
newly released and soon to be released wheat varieties throughout the wheat belt of WA.  The main 
agronomic parameter investigated in 2000 was the influence of Leaf Rust (Puccinia recondita) and 
Stem Rust (Puccinia graminis) on yield, quality and profitability of commonly grown wheat varieties in 
WA and the economic benefits of applying combinations of seed dressings and foliar fungicides. 
METHODS 
Two sites were located in the central wheat belt.  Site one was in the H3 zone at West Bolgart and site 
2 in the L3 zone south east of Kellerberrin.  The Kellerberrin site was selected due to the high 
likelihood of Stem Rust (SR) occurring in the region and the relatively early sowing opportunity.  
Bolgart was selected because it is a region that Leaf Rust (LR) occurs without fail each year.   
The trials were a Factorial Design, including five varieties with differing susceptibilities to Leaf and 
Stem Rust.  Four different fungicide regimes were applied to each variety. 
Camm:  Triple 8 resistance to the rusts.  Carnamah:  Widely grown throughout the wheat belt in 2000 
because it was the best WA bred variety with resistance to both SR (7) and LR (6).  Calingiri:  
Susceptible to SR (4p) and reasonable resistance to LR (5).  Stiletto:  Susceptible to LR (3) with 
resistance to the strain of SR (6) prevalent in WA in 2000.  Arrino:  Very susceptible to both SR (4) 
and LR (3/4), expect severe yield penalties.   
Samples from the susceptible and resistant varieties Arrino and Camm, were analysed by AGWEST 
Plant Laboratories to determine disease incidence and infection levels.  Real was applied to the seed 
at a rate of 100 mL/100 kg, Folicur (145 mL/ha) and Accord (1 L/ha) were applied as a foliar spray at 
Z39 (flag leaf emerged).  The split application of Accord and Folicur was applied at Z39 (Accord 
1 L/ha) and Z55 (Folicur 145 mL/ha). 
Disease test results 
Sampled 28/8/00 Bolgart Kellerberrin 
Disease tested Arrino Camm Arrino Camm 
Leaf Rust Severe 96% Not detected Insignificant 6% Not detected 
Powdery Mildew Not detected Not detected Not detected Not detected 
Ring Spot Not detected Not detected Not detected Not detected 
Septoria Nodorum 
Blotch 
Insignificant 4% Not detected Not detected Mild Infection 25% 
Stem Rust Not detected Not detected Not detected Not detected 
Yellow Spot Not detected Not detected Severe 94% Moderate Infection 
75% 
RESULTS 
The Bolgart site produced a significant level of Leaf Rust, with a slight infection of Septoria nodorum.  
In terms of leaf rust control, Real seed dressing provided suppression in Arrino and Stiletto for 10 
weeks after sowing.  This was evident as increased green leaf area compared to the untreated.  Real 
followed by a single application of Folicur or Accord at Z39 performed similarly by maintaining green 
leaf area through to crop senescence.  The benefit of reduction in leaf rust was reflected in final yields.  
The susceptible varieties Arrino and Stiletto responded to fungicide application and provided a 
consistent economic benefit to the application of fungicides.  For reasons unknown, Camm gave an 
economic response to fungicide application even with Triple 8 resistance.  Carnamah did not provide 
an economic response to fungicide. 
Project No.: GRDC  AGT 17 
Paper reviewed by: Ashley Bacon, Agritech Crop Research 
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Trial Location: Bolgart Sow Rate: 75 kg/ha
Crop Rotation: Lupins 1999 Soil Type: Sandy Loam
Sow Date: Soil pH: 4.6
Variety Fungicide
Fungicide 
costs 
(inc.appl)
Yield
(t/ha)
Yield as % 
of 
Untreated
Grain 
Protein
(%)
Screen.
(%)
Specific 
Weight
(kg/hl)
Payment 
Grade
Income
($/ha)
Carnamah Nil $0.00 4.835 100% 12.6 4.3 78.72 AH $959.00
Arrino Nil $0.00 3.481 100% 12.0 4.0 79.21 ASWN $650.00
Calingiri Nil $0.00 4.674 100% 13.2 5.0 77.24 ASWN $861.00
Camm Nil $0.00 3.922 100% 13.5 11.1 72.94 AGP $612.00
Stiletto Nil $0.00 3.351 100% 11.9 9.6 77.02 APW $605.00
Carnamah R $7.60 4.643 96% 12.4 5.1 79.36 AH $896.40
Arrino R $7.60 4.139 119% 11.7 9.3 77.46 ASWN $713.40
Calingiri R $7.60 4.248 91% 11.7 5.6 78.50 ASWN $798.40
Camm R $7.60 4.321 110% 12.9 10.4 74.18 AGP $672.40
Stiletto R $7.60 3.418 102% 13.5 16.3 73.14 Feed $447.40
Carnamah RF $30.73 4.487 93% 12.3 6.3 77.88 AH $829.24
Arrino RF $30.73 4.658 134% 12.5 4.3 79.88 ASWN $836.24
Calingiri RF $30.73 4.715 101% 12.6 3.4 78.71 ASWN $857.24
Camm RF $30.73 4.731 121% 12.5 6.1 78.24 APW $871.24
Stiletto RF $30.73 3.989 119% 12.4 7.6 79.65 APW $715.24
Carnamah RA $23.10 4.752 98% 13.1 6.5 79.79 AH $914.90
Arrino RA $23.10 4.601 132% 12.4 3.6 81.70 ASWN $740.90
Calingiri RA $23.10 4.669 100% 11.9 3.4 81.96 ASWN $882.90
Camm RA $23.10 4.461 114% 12.7 6.2 79.58 APW $830.90
Stiletto RA $23.10 3.579 107% 13.1 12.9 73.84 AGP $522.90
Carnamah RAF $46.23 4.632 96% 12.1 3.0 81.01 AH $868.74
Arrino RAF $46.23 5.042 145% 12.0 1.8 82.42 ASWN $923.74
Calingiri RAF $46.23 4.207 90% 11.9 3.0 82.48 ASWN $773.74
Camm RAF $46.23 4.565 116% 13.8 9.8 76.82 APW $801.74
Stiletto RAF $46.23 4.212 126% 12.2 5.9 79.70 APW $751.74
Yield LSD (P=0.05)= 0.6923
Yield CV(%)= 9.68
Yield
Grade Classification
Gross Income
Fungicides
Estimated Pool Returns ($/t FOB, GST Exclusive) as at 11th December 2000
ADR3 $190.00 APW $205.00 ASW FEED $160.00
AH $214.75 ASF1 $207.50 ASWN AGP $185.00
2000 Wheat CVT - Bolgart - Agronomic
18-May-00
Notes on Grade & Income Calculation
An analysis of variance was conducted on yield results.  A Least Significant Difference (LSD) was calculated with a 
confidence interval of 95% and displayed in the above results.  In comparing two yields, the difference between them must be 
greater than the LSD for there to be a statistically significant difference.
A single sample of each variety was retained at harvest and analysed by CBH for protein, hectolitre weight and screenings.  A 
grade was allocated based on the AWB varietal classification and the results of the quality analysis.
A price was calculated for grain delivered to Bolgart CBH under the AWB Golden Rewards payment system.  Gross pool 
quarterly payments ie. nett of financing and underwriting charges ($/t, GST Exclusive) were combined with yield (t/ha) to 
calculate income ($/ha) for each variety.  This involved using the Profarmer Grain Price Calculator 
(http://www.profarmer.com.au) taking into account levies, fobbing and rail freight to port.
R = Real 1 L/t seed, RF = Real 1 L/t seed + Folicur 145 ml/ha, RA = Real 1 L/t seed + Accord 1 L/ha,                                                                             
RAF = Real 1 L/t seed + Accord 1 L/ha + Folicur 145 ml/ha
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Jockey  -  winning the race against disease in wheat 
Lisa-Jane Blacklow, Rob Hulme and Rob Giffith, Aventis CropScience 
SUMMARY 
• Jockey® 167 g/L fluquinconazole + polymer for use in wheat. 
• First seed treatment fungicide for protection against Take-all. 
• Also registered for common bunt, loose smut, flag smut, stripe rust, leaf rust and septoria. 
• Excellent crop tolerance with no delay in emergence or varietal restrictions.  
• Increased management flexibility and return on investment. 
INTRODUCTION 
Root, grain and foliar disease of wheat costs the Australian grain industry over $400 million dollars 
each year (Brennan and Murray, 1998).  Growers have had limited and costly options for managing 
disease, including rotation, delayed sowing, fertiliser use and foliar/fertiliser applied fungicides. 
Aventis Crop Science has developed Jockey (Fluquinconazole 167 g/L), a new broad-spectrum 
systemic fungicide that offers the farmer for the first time a seed treatment option for suppression of 
Take-all (Gaeumannomyces graminis).  In addition Jockey provides foliar protection against common 
bunt (Tilletia spp.), seed- and soil-borne flag smut (Urocystis agropyri), loose smut (Ustilago tritici), 
stripe rust (Puccinia striiformis f. sp. tritici), leaf rust (Puccinia recondita f. sp. tritici) and septoria tritici 
blotch (Mycosphaerella graminicola). 
The use of Jockey as part of an integrated pest management package will improve farm system 
flexibility, profitability and sustainability by increasing agronomic options of rotation, seeding time, 
fertiliser use efficiency and a reduction in foliar fungicide inputs.  
TAKE-ALL 
In 32 replicated and commercial scale trials conducted across Australia at sites that were identified as 
having moderate to severe risk of Take-all, Jockey provided an average yield response of 14% 
(Table 1).  Jockey creates a natural barrier that helps the plant to maintain its internal water transport 
system, reducing the incidence of whiteheads in the crop by 31%.  Observations indicate that there is 
no detrimental effect on seedling establishment when Jockey is applied in accordance with label 
recommendations. 
Table 1. Average Jockey yield response (%) 
Year Number of trials Average yield response 
1996 6 16 
1997 4 10 
1999 12 14 
2000 10 15 
Mean 32 14 
FOLIAR AND SEED BORNE DISEASES 
Twenty-six replicated small plot field and pot trials were conducted in Australia to determine the 
efficacy of Jockey against a range of grain and foliar disease in wheat.  The trial data showed that 
Jockey applied at 450 mL/100 kg seed is comparable with a range of commercial standard seed 
treatments for the control of seed and soil-borne flag smut and bunt.  At the same rate Jockey gave 
superior control of stripe rust and leaf rust than the most commonly used commercial standard 
treatment and showed a moderate suppression of septoria tritici blotch (Table 2). 
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Table 2. Control of disease incidence in susceptible wheat varieties (%) 
 Bunt Flag smut Stripe rust Leaf rust Septoria tritici 
Jockey 450 mL/ha 95.8 100.0 93.8 73.7 56.0 
Real 150 mL/ha - - 70.0 73.0 26.0 
Baytan 100 mL/ha 90 100.0 27.0 6.0 34.0 
Vitaflo 125 mL/ha 94.3 100.0 - - - 
Vincit 100 mL/ha 99.3 100.0 - - - 
Raxil 100 mL/ha 67.4 100.0 - - - 
2000 YUNA FUNGICIDE TRIAL 
A large scale replicated and fully randomised plot trial was conducted at Yuna in the northern 
wheatbelt shire of Chapman Valley.  Jockey (500 mL/ha) was evaluated against fertiliser applied 
Impact (400 mL/ha) for control of leaf rust and septoria in Arrino wheat.  The crop was sown at a rate 
of 100 kg/ha on the 9 June 2000 with 100 kg/ha of Agstar.   
Results and discussion 
The per cent area of the flag and flag  -  1 leaf affected by leaf rust and septoria were each decreased 
by the use of fungicides compared to the untreated control.  Jockey was comparable to Impact for leaf 
rust control and 78.8% better for septoria control.  Grain yield of wheat was increased in plots sprayed 
with a fungicide however there was no yield difference between the use of Jockey or Impact 
(Table 3a).  Return on investment (ROI) of Jockey was similar to Impact but could be increased by 
using the correct label rate and taking advantage of the yield benefits of sowing early, rather than 
delaying and using higher sowing rates (Table 3b).  It has been estimated that yield will decrease by 
4-7% with each week of delay in sowing after the optimum time for a specific variety (McRae, 2001). 
Table 3a. Leaf area affect and yield Table 3b. ROI of fungicide use at 
different sowing rates 
a.  
Leaf rust (%) Septoria (%) 
  b. ROI ($/ha)1,2,3 
  Sowing rate (kg/ha) 
 Flag F – 1 Flag F – 1   70 80 90 100 
Untreated 4.6 8.9 - 38.7 1.12  - - - - 
Jockey  1.3 2.3 2.5 8.3 1.36  13.95 10.80 7.65 4.50 
Impact  2.0 2.8 11.8 29.5 1.37  3.90 3.90 3.90 3.90 
1  Wheat $150/t on farm.  2  Jockey (4.5 L/t):  $70/L end user.  3  Impact (400 mL/ha):  $79/L end user + $2/ha 
Smut/Bunt control. 
Use of Jockey at rates greater than 4.5 L/t is in contradiction to the label and illegal. 
CONCLUSION 
Trials in Australia have shown that Jockey provides excellent plant protection against root, seed-borne 
and foliar diseases of wheat.  The farmer will benefit from increased yields, a simplified disease control 
program and greater flexibility in crop rotation all of which will fit well with an integrated approach to 
crop production (Wenz et al. 1998). 
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Distribution and incidence of aphids and barley 
yellow dwarf virus in over-summering grasses in the 
WA wheatbelt 
Jenny Hawkes and Roger Jones, CLIMA and Agriculture Western Australia 
KEY MESSAGES 
• A large-scale survey in 2000 in the Western Australian wheatbelt found widespread infection 
with barley yellow dwarf virus (BYDV) in over-summering perennial and annual grasses.   
• BYDV infection was spread throughout rainfall zones but was higher than expected in low to 
medium rainfall areas.  When sites were categorised according to actual rainfall data 
(November to April 1999/2000) rather than by rainfall zone, virus incidence corresponded with 
amount of rainfall.   
• The majority of aphids were found on annual, rather than perennial, grass species and in areas 
that had received between 200 mm and 300 mm rainfall between November and April 
1999/2000. 
• The magnitude and proximity to crops of BYDV infected grasses are key factors in predicting 
the likelihood of yield losses from BYDV in cereals in specific regions. 
BACKGROUND 
Barley yellow dwarf virus poses major limitations on grain yields in wheat, barley and oats in high 
rainfall agricultural zones of Western Australia (WA).  It is spread in cereals by aphids, in particular the 
oat aphid (Rhopalosiphum padi) and in barley also by the maize aphid (R. maidis).  The virus is not 
seed-borne as some viruses are, so must survive over summer in green plant material.  In the WA 
wheatbelt perennial grasses surviving the summer in road-side ditches, irrigated gardens, soaks and 
at the edge of creeks, act as the main reservoirs of infection from which BYDV epidemics start at the 
beginning of the growing season.  We know that the amount of pre-growing season rainfall plays an 
important role in determining how early aphids arrive in a crop.  High pre-season rainfall leads to 
growth of grasses, which in turn leads to aphid build up and early flights to crops.  However, early 
arrival and high aphid numbers do not necessarily lead to epidemic levels of BYDV as the proportion 
of incoming aphids carrying virus is dependent upon the amount of infected grass material available 
for them to feed on before flying into crops.  Information was therefore sought on the magnitude of 
BYDV-infected grass reservoirs throughout the wheatbelt over summer.   
METHODS 
Between late January and early April 2000, a large-scale survey was done to ascertain the magnitude 
of the BYDV reservoir and extent of aphid survival in the wheatbelt over summer.  Seven trips 
encompassed sites from Geraldton to Esperance and each trip included sites in all rainfall zones.  
Where possible, 100 shoots of each grass weed species found were collected at every site (stopping 
approximately every 30 km).  The majority of samples were collected from roadside verges adjoining 
cultivated fields.  A total of 275 annual and perennial grass samples (at least 50 individual shoots = 
1 sample/species) were collected from 190 sites in different rainfall and geographical zones.  Of these, 
30%, 48% and 21% of samples were collected from the high, medium and low rainfall zones 
respectively.   
The samples were stored in eskies and transported to Agriculture Western Australia’s Plant Virology 
laboratory at South Perth for virus testing.  Likely perennial host grass species (Couch, Paspalum, 
Kikuyu, African Lovegrass and Veldt grass) were tested for all four serotypes of BYDV, whilst samples 
of all other species were tested for PAV/MAV serotypes only.  The presence of BYDV in grass species 
was detected using Tissue Blot Immunoassay (TBIA) with virus-specific antiserum.  The presence of 
aphids was assessed in situ on 25 plants of each species at each site (10 cm growing tip of one tiller 
or shoot/plant).  If no aphids were found, a single plant was removed from the ground (roots and all) 
and placed in a bag for further assessment of any aphids in the laboratory.   
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THE KEY RESULTS 
BYDV incidence 
A total of 32% of all sites and 24% of all samples were infected with BYDV, with surprisingly little 
variation in extent of infection between rainfall zones; 27% of high rainfall zone, 22% of medium 
rainfall zone and 26% of low rainfall zone samples were BYDV-infected.  When sites were categorised 
according to actual rainfall data (November to April 1999/2000) rather than by rainfall zone, 60% of 
samples from the > 400 mm, 42% from 300-400 mm, 18% from 200-300 mm and 22% from 100-200 
mm zones, were BYDV-infected.  Grass species with the highest levels of infection were the perennial 
species Couch grass (Cynodon dactylon), African Lovegrass (Eragrostis curvula), and Kikuyu 
(Pennisetum clandestinum), and two annual windmill grasses, Chloris virgata and C. truncata.   
Aphid survival 
A total of 22% of sites were found to be supporting aphid populations, including some colonies that 
were very densely populated.  When these sites were categorised according to actual rainfall data 
(November to April 1999/2000), 1% were in areas with > 400 mm, 7% in 300-400 mm, 11% in 
200-300 mm and 3% in 100-200 mm areas.  The majority of aphids were found on annual, rather than 
perennial, grass species and 50% of the total number of sites found with aphids were in areas that had 
received between 200 mm and 300 mm rainfall from November to April 1999/2000.  The primary 
species of aphid that was found was identified as Hysteroneura setariae.  This species is not recorded 
as a vector of BYDV but experiments are being done to determine its virus transmission efficiency with 
four different strains of BYDV.  H. setariae may play a role in infecting new grass plants over summer 
even if it is not a significant virus disease vector in cereal crops within the growing season.  Few of the 
primary BYDV vector cereal aphids, Rhopalosiphum padi or R. maidis, were found on over-summering 
grass species.  
CONCLUSION 
The over-summering survey in 2000 provided vital information on the distribution and incidence of 
aphids and BYDV on grasses in the WA wheatbelt.  Larger than expected virus reservoirs were found 
throughout all rainfall zones of the wheatbelt.  When virus test results were categorised according to 
actual rainfall (November 1999 to April 2000) amount of rainfall corresponded better than rainfall zone 
with actual virus incidence.  The over-summering survey is being done again in 2001 to determine if 
the size of the over-summering virus reservoir varies from year to year.  
Aphids were found on about one quarter of all grass samples, the majority of these being annual 
species.  It is thought that these grasses are less important than perennial species in acting as virus 
sources for spread directly into crops during the growing season, as most would not survive long 
enough.  However, annual grasses are still important in maintaining aphid populations and virus 
reservoirs during the summer, and can act as a source for virus spread to healthy perennial grass 
plants.   
The information gained from the 2000 and 2001 over-summering surveys will be used in refining the 
BYDV forecasting model and decision support system for insecticide use being developed by 
Dr Debbie Thackray (UWA234 and DAW609).  The model currently works well for the high rainfall 
zone but over-estimates spread for the medium and low rainfall zones.  This overestimation is due to 
the need to quantify the over-summer virus reservoirs in grasses in these areas and account for this 
factor in the model.  The magnitude and proximity to crops of BYDV-infected grasses, in addition to 
the amount of pre-season rainfall, are thus key factors in predicting the likelihood of yield losses from 
BYDV infection for the region concerned.   
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Further developments in forecasting aphid and virus 
risk in cereals 
Debbie Thackray, Jenny Hawkes and Roger Jones  
Agriculture Western Australia and Centre for Legumes in Mediterranean Agriculture 
KEY MESSAGES 
• A decision support system (DSS) based on a predictive model has been developed for use by 
advisers and growers.  It forecasts the need for insecticides to control aphid vectors of barley 
yellow dwarf virus (BYDV) and direct aphid feeding damage in cereals.  The DSS allows 
efficient targeting of insecticides, avoiding costly prophylactic use, and providing environmental 
benefits.   
• Data collected over three years at five sites from field validation blocks of cereals confirmed that 
early aphid arrival in crops is closely linked to pre-growing season rainfall.  This in turn is linked 
to greater spread of BYDV and consequent yield loss. 
• BYDV incidence in cereal crops is also heavily influenced by the amount of virus being carried 
by arriving aphids, and therefore by proximity to and amount of infected grasses in the vicinity.  
• The predictive model gave reliable forecasts for both aphid arrival and build-up, and for BYDV 
spread in wheat at sites in the high rainfall zones of the WA wheatbelt, but over-estimated virus 
spread at medium and low rainfall sites.  
• A forecast for the coming growing season will be made available in May 2001 through the 
Internet (http://www.agric.wa.gov.au under BYDV in the index), PestFax, TopLine, radio, etc.  
• This BYDV Internet site also provides growers, advisers and others with information on BYDV 
and aphids, current management recommendations, photographs of aphids and virus 
symptoms, maps predicting likely risk areas, and an explanation of the forecasting model and 
how to assess risk.  
CEREAL VALIDATION BLOCKS 
To validate the outputs from the BYDV forecasting model against real data, large, square blocks of 
wheat were established in 1998, 1999 and 2000 at five sites representing a range of annual rainfall 
zones from 330 to 1035 mm in the WA grainbelt.  These were AGWEST Research Stations at 
Merredin (average annual rainfall 330 mm), Avondale (av. 420 mm), Badgingarra (av. 600 mm), Mount 
Barker (av. 750 mm) and Manjimup (av. 1035 mm).  Two blocks of barley were also established at 
Mount Barker in 1999.  In 1998, all blocks were sown by the end of May, except Badgingarra (sown 
3 June).  In 1999 and 2000, there were two times of sowing at all sites, in early May and in early June, 
except Merredin (sown early June only).  Sites were visited every two to three weeks during the 
growing season.  Results from these sites and historical climatic, aphid and BYDV data were used to 
validate the forecasting model and insecticide DSS constructed for use by advisers and growers.  
RESULTS 
In 2000 summer rainfall led to build-up of aphids on grass weeds and cereal volunteers in many areas 
before the start of the growing season, allowing early predictions in April that aphids would arrive and 
BYDV spread start in cereal crops soon after crop emergence.  However, in most areas a long, dry 
spell during April and May delayed sowing and killed grasses hosting aphids, thereby considerably 
delaying aphid arrival and reducing the numbers arriving in crops, as forecast in May predictions from 
the model.  As in previous years in validation blocks at the same sites, aphids arrived earliest at sites 
with highest pre-growing season rainfall (e.g. Mount Barker  -  251 mm) and latest at sites with lowest 
pre-growing season rainfall (e.g. Avondale  -  40 mm) (Figure 1).  Unlike previous years, total rainfall in 
May was included in the calculation of pre-growing season rainfall (previously March and April only) 
because of the influence of the unusually long, dry spell in May.  Numbers of aphids remained low 
throughout the season at all sites.  
In 2000, at all sites greatest aphid numbers and final virus incidence were generally much lower than 
in previous years (Table 1).  BYDV incidences at Manjimup, Mount Barker, Badgingarra, Avondale and 
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Merredin were 19, 6, 0 and 0% for the early sowings (no such sowing at Merredin) and 9, 4, 1, 0.5 and 
0% for the later sowings respectively.  As in 1998 and 1999, across all sites the amount of BYDV 
spread that had taken place by ear emergence (GS 59+) was not correlated with peak aphid numbers. 
In low rainfall zones, smaller proportions of aphids appeared to be vectoring BYDV than in higher 
rainfall zones.  As well as arrival date of aphids in crops, the magnitude of virus-infected grass material 
surviving over summer and the proximity of grasses to crops is a key limiting factor for virus incidence.  
For example with the first times of sowing, at Mount Barker there was less BYDV spread (6%) than 
might have been expected from the early aphid arrival date, and less than that at Manjimup (19%), 
where aphids arrived at a similar date.  Also, the highest BYDV incidence at Mount Barker in 2000 was 
similar to that in 1999 (4%), although aphid arrival was earlier in 2000.  Presumably, the comparatively 
low levels of BYDV in 1999 led to there being less virus source in grasses at the start of the 2000 
growing season at Mount Barker than, for example, at the start of the 1998 growing season.  In 1997 
at Mount Barker, relatively high levels of BYDV were recorded by the end of the growing season (16%) 
and subsequently in 1998, 13% of plants became infected although aphids arrived later than in 2000.  
In 2000, no BYDV spread occurred in the earlier sown blocks at Avondale or Badgingarra.  At 
Avondale, so few aphids were observed that they were not considered to have colonised.  At 
Badgingarra, aphids arrived late and few were seen during the crop’s most vulnerable stage to virus 
infection (up to GS 32).  In the later sowing at Badgingarra, slightly higher numbers of aphids were 
present during the crop's vulnerable stage and a small amount of spread occurred (1%).  In the later 
sowing at Avondale, few aphids were observed and only 0.5% of plants became infected with BYDV.  
BYDV levels at Manjimup and Mount Barker were lower in later sown blocks than in earlier sowings. 
Figure 1. Date aphids first recorded, highest aphid numbers per tiller and highest % BYDV levels in 
early sown wheat blocks at 4 sites in different rainfall zones in 2000. 
Table 1. Wheat validation blocks at five sites in 1998, 1999 and 2000 - date aphids first recorded, final 
BYDV incidence and March-April rainfall (mm) 
 March + April rainfall* Date aphids first recorded** % BYDV infection** 
 1998 1999 2000 1998 1999 2000 1998 1999 2000 
Avondale  33 38 33 21 July 15 July No aphids 2 3 0 
Badgingarra 30 170 60 22 July   9 June   5 July 3 3 0 
Manjimup 158 31 114   2 June   4 Aug.   2 June 58 3 19 
Merredin*** 45 93 68   2 Sept. 11 June 29 Aug. 1 0.5 0 
Mount Barker 167 52 162 30 June   5 Aug.   1 June 13 4 6 
    * Rainfall data is from SILO Data Drill (Queensland Department of Natural Resources). 
  ** Where there are two such times, aphid and BYDV data are from early times of sowing. 
*** Merredin visited only 3 times in 1998 and twice in 1999 and arrival date of aphids may have been up to 2 
weeks earlier and peak in aphid numbers greater than that measured.  Merredin visited 5 times in 2000 but 
the sowing date was late and the data are therefore not readily comparable with other sites for that year in 
the table. 
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Information is being collected throughout the different rainfall zones in the wheatbelt (UWA 313  -  see 
Hawkes and Jones in 2001 Updates) on the distribution and abundance of live potential hosts of 
BYDV and the proportion of these actually infected with BYDV and supporting aphids.  The DSS will 
be refined using this information to improve model predictions for medium and low annual rainfall 
zones, and data on aphid feeding damage collected in 2000 and 2001 (DAW 609) is being 
incorporated.  Forecasts will be made available through the Internet, PestFax, TopLine, radio, etc. 
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Effect of root lesion nematodes on wheat yields in 
Western Australia 
S. B. Sharma, S. Kelly and R. Loughman, Crop Improvement Institute, Agriculture 
Western Australia, South Perth 
KEY MESSAGES 
• Infestations of root lesion nematode (RLN) limiting wheat yields are widespread.  
• Yield increases of 6-9% were recorded when nematode populations were controlled. 
AIM 
RLN species are the most widespread nematode pests in cereal growing areas of Western Australia.  
Yield limiting RLN population levels are present in a large number of shires.  In 1997, RLN induced 
yield losses in barley were measured at 7-22% in the Esperance Mallee.  The aim of this investigation 
is to assess the impact of RLN on wheat yields at other locations. 
METHOD 
Field experiments were established in paddocks naturally infested with RLN at Doodlakine, 
Dumbleyung and Mukinbudin.  The Doodlakine and Dumbleyung sites were infested with Pratylenchus 
neglectus and Mukinbudin site with P. thornei.  Experiments were designed to evaluate performance 
of susceptible wheat cvs in RLN infested soils under the influence of a nematicide (Temik) used as an 
experimental tool. 
At Doodlakine and Dumbleyung sites, 64 plots (1.8 m x 40 m) were sown to wheat cv. Machete 
(50 kg/ha) and at Mukinbudin site 144 plots were sown to cv. Cunderdin. In half of the plots, Temik 
was applied (20 kg/ha at Doodlakine and Dumbleyung and 30 kg/ha at Mukinbudin) at seeding, 
banded with fertiliser, 2 to 3 cm below seed.  The remaining plots were banded with just the fertiliser. 
RLN densities were assessed in soil samples collected before sowing and in root samples collected 
10 weeks after sowing.  Wheat yields in nematicide-treated and check plots were compared using 
analysis of variance. 
RESULTS 
Pratylenchus neglectus populations were evidently unique in their ability to multiply to very large 
numbers in wheat roots.  For example, at the Doodlakine site 0.4 million individuals of P. neglectus 
were found in one gram dry root within 10 weeks of planting (Table 1), an extremely high level of root 
colonisation by RLN species.  If we consider that average length of P. neglectus is about 0.45 mm, 
0.4 million individuals would measure, when placed lengthwise one after other, up to 180 meter of 
thread-like nematode mass coiled in one gram of dry root.  The implication of physical and 
physiological stress imposed by such a huge presence of nematodes on functioning of roots is 
enormous. It may affect the quality as well as quantity of the produce.  High levels of RLN root 
colonisation have been observed at other locations (Table 1). 
Yield enhancement with nematode control was 6% at Doodlakine and 9% at Mukinbudin.  At 
Dumbleyung site, yield differences following use of Temik were not significant (P = 0.05), partly due to 
inadequate control of RLN in Temik-treated plots (Table 2).  The root infestation levels at Dumbleyung 
were closer to that at Doodlakine and it seems reasonable to expect similar level of crop damage and 
yield loss at these locations.  Despite severe drought this year, which greatly affected the growth and 
yield of wheat (< 400 kg/ha at Mukinbudin site), yield in nematicide-treated plots was greater than in 
non-treated plots.  As Temik does not provide protection to plants from nematodes during the entire 
growing season and it is also not effective throughout the soil profile, these loss assessments are 
probably an underestimate.   
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Table 1. Infestation levels of lesion nematodes in cereal roots 10 weeks after sowing 
Location Trial no. Host Number of nematodes/g dry root 
Dumbleyung 99GS86 Wheat 0.24 million 
Doodlakine 00ME102 Wheat 0.40 million 
Tammin 00AD61 Wheat 0.25 million 
Wagin - Barley 0.32 million 
Merredin - Wheat 0.25 million 
Walkaway - Wheat 0.69 million 
Borden - Wheat 0.21 million 
Table 2. Yield of wheat cv. Machete (at Doodlakine and Dumbleyung) and cv. Cunderdin (Mukinbudin) 
in soils naturally infested with RLN with and without Temik (nematicide) 
Location RLN species Trial no. 
No 
nematicide 
RLN/g dry 
root 
Nematicide 
RLN/g dry 
root 
No 
nematicide 
yield (t/ha) 
Nematicide 
yield (t/ha) 
Doodlakine P. neglectus 99ME105 400,000 8,000* 2.48 2.63* 
Dumbleyung P. neglectus 99GS80 300,000 95,000* 2.91 2.86 
Mukinbudin P. thornei 99ME84 14,000 200* 0.32 0.35* 
*  Significant at P = 0.05. 
CONCLUSION 
This study further confirms economic damage being caused to cereal crops by RLN in Western 
Australia.  The nematode densities are sufficiently high to be potentially yield limiting on susceptible 
varieties.  Though RLN control, by application of a nematicide as an experimental tool enhanced the 
wheat yields by 6-9%, this loss assessment could be an under estimation of actual loss as nematicide 
provided only partial protection to plants from nematode infection.  
KEY WORDS 
root lesion nematodes, yield loss 
GRDC Project No.: DAW 623 
Paper reviewed by: Mark Sweetingham 
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Rotational crops and varieties for management of 
root lesion nematodes in Western Australia 
S.B. Sharma, S. Kelly and R. Loughman, Crop Improvement Institute, Agriculture 
Western Australia, South Perth 
KEY MESSAGE 
Root lesion nematode (RLN) populations in Western Australia vary in virulence and host preferences.  
To minimise impact of RLN on wheat, rotation with faba bean (for Pratylenchus neglectus) and field 
pea (P. thornei) can be helpful.  Among wheat cultivars tested so far, Cascades and Excalibur are 
relatively less susceptible to P. neglectus. 
BACKGROUND 
Pratylenchus neglectus and P. thornei are important RLN species in cereal growing areas of Western 
Australia.  Recent surveys have shown that potentially yield limiting RLN populations are present in 43 
shires.  Options for RLN management in Western Australia have not yet been developed.  This 
investigation aims to identify suitable rotational crops for management of P. neglectus and P. thornei. 
METHOD 
Evaluation of crop species 
In 1999 and 2000 field experiments were established in RLN infested soils at Doodlakine 
(P. neglectus), Mukinbudin (mainly P. thornei) and Darkan (Pratylenchus sp). Barley (cv. Stirling), oat 
(cv. Dalyup), wheat (cv. Nyabing), canola (cvs Dunkeld and Karoo), chickpea (cv. Heera), faba bean 
(cv. Fiord), field pea (cv. Dundale) and lupin (cv. Merrit) were screened for susceptibility to RLN. 
Nematode numbers in soil before planting and in root 10 weeks after sowing were assessed.  Wheat 
cv. Machete was used as highly susceptible check for comparison.  In 2000, wheat cv. Cunderdin was 
sown in plots previously sown to different field crops in 1999.  After 10 weeks of sowing, RLN 
infestation in roots was measured and influence of previous year crop on nematode infestation in 
wheat was assessed at Doodlakine and Mukinbudin.  Nematode data were log- or square root 
transformed for analysis. 
Evaluation of wheat cultivars 
Reactions of selected wheat cvs to P. negelctus were studied in nematode infested paddocks at 
Doodlakine, Tammin, Newdegate and Dumbleyung.  Seeds of wheat cvs and highly susceptible 
standard check cv. Machete were sown in RLN infested soils.  After 10 weeks, RLN in roots were 
counted.  An index of parasitism for each test cultivar was calculated by dividing the number of 
nematodes in roots of test cultivar by the number of nematodes in roots of check cv. Machete to 
determine susceptibility of each cultivar relative to cv. Machete.  The parasitism indices (PI) were rated 
on a 1 to 5 scale:  1 = > 0.75 (root infestation level equal to or greater than 75% of that in susceptible 
check); 2 = 0.50 – 0.74;. 3 = 0.25 – 0.49; 4 = 0.10 – 0.24; 5 = < 0.10 (root infestation level less than 
10% of that in susceptible check).  Cultivars with PI of 1 were considered as extremely susceptible 
relative to check cv. Machete, 2 = very susceptible, 3 = susceptible, 4 = moderately susceptible, and 
5 = intermediate between moderately susceptible and moderately resistant. 
RESULTS 
The crop species differed in their RLN hosting ability.  Field pea and faba bean supported lesser 
nematodes than other crops at Doodlakine and Darkan.  RLN infestations were generally greater in 
roots of cereals than in non-cereals.  The Darkan population showed special affinity for oats 
(cv. Dalyup) and nematode number in oat roots was as high as in roots of susceptible check 
cv. Machete.  At P. thornei site, canola (cv. Dunkeld) had lowest infestation; chickpea and wheat had 
high root infestations.  
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Figure 1. Densities of P. neglectus and P. thornei in roots of wheat cv. Cunderdin in plots previously 
planted to different crop species. 
Previous year crops significantly influenced RLN infestation on wheat (cv. Cunderdin) and least RLN 
number were extracted from plants in plots previously planted to faba bean at Doodlakine 
(P. neglectus site) and field pea at Mukinbudin (P. thornei site).  RLN levels in wheat roots were high 
in plots previously planted to wheat (cvs Nyabing and Machete) and faba bean (cv. Fiord) at 
Mukinbudin and to wheat, barley and lupin (cv. Merrit) at Doodlakine (Figure 1). 
RLN reproduced on all the wheat cultivars though differences in root parasitism were evident 
(Table 1).  Cultivars Cascades and Excalibur were considered as promising because of their lesser 
susceptibility.  The PI of cv. Cascades were 4 and 5 for Tammin, Doodlakine and Dumbleyung 
populations.  All the cultivars were susceptible or extremely susceptible to a Newdegate population, 
which probably consisted of a mixture of unidentified RLN species with P. neglectus.  The virulent 
nature of this population could be due to interactions between the two nematode species or the 
unidentified species is an aggressive parasite of wheat. 
Table 1. Relative susceptibility of wheat cultivars to P. neglectus in Dumbleyung, Newdegate, Tammin 
and Doodlakine regions 
Cultivars Dumbleyung Newdegate Tammin Doodlakine 
Cascades 4 1 5 4 
Cunderdin  3 1 2 1 
Carnamah 2 3 3 1 
Nyabing 2 1 4 3 
Excalibur  4 2 4 - 
Westonia 2 1 2 3 
Brookton 2 1 3 2 
Camm 1 1 3 1 
Eradu 1 1 2 - 
- = Not studied,  1 = Extremely susceptible,  3 = Susceptible,  5 = Intermediate. 
CONCLUSION 
Rotation with Faba bean (cv. Fiord) in P. neglectus infested paddocks and with field pea (cv. Dundale) 
in P. thornei infested paddocks can be helpful in reducing RLN infestations on wheat.  Though wheat 
cultivars are good hosts of P. neglectus, varietal differences in relative susceptibility exist.  Cultivar 
Cascades and Excalibur are relatively less susceptible to P. neglectus in Central wheat belt region.  
KEY WORDS 
root lesion nematodes, management options, crop rotation 
GRDC Project No.: DAW 623 
Paper reviewed by: Mark Sweetingham 
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Phenoxy herbicide tolerance of wheat 
Peter Newman and Dave Nicholson, Agriculture Western Australia 
KEY MESSAGES 
• Applying phenoxy herbicides outside the recommended timing window can lead to significant 
yield reductions and head distortions in wheat. 
• Visual head distortion symptoms of phenoxy herbicides is not a good indicator of yield penalty. 
• Z51 may be a critical stage in wheat development for timing of phenoxy herbicides. 
• Applying phenoxy herbicides to a wheat crop under moisture stress may contribute to yield 
penalties. 
AIMS 
To investigate the effect of applying phenoxy herbicides outside the recommended window of 
application on yield of wheat varieties of various season length. 
METHODS 
Wheat was sown in 12 m wide strips parallel with the normal workings of the paddock.  Spray 
treatments were sprayed across these varieties.  The four times of spraying were arranged in four 
distinct blocks and individual treatments were randomised within these blocks. 
Location: Mullewa Research Station, Red sandy loam 
Time of sowing: 28 June 2000 
Varieties: Brookton, Carnamah and Westonia 
Seed rate: 57 kg/ha 
Fertiliser: Agstar @ 127 kg/ha 
Spray water volume: 96 L/ha 
Replications: 3 
Weed control:  Site sprayed with Bromoxynil 2 L/ha + Lontrel 250 mL/ha on 31 July 2000 @ 
3.5 to 4 leaf stage 
Table 1. Timing of herbicide applications 
 Brookton Carnamah Westonia 
Timing 1  -  T1  -  20 July 2000 2.5 leaf (Z12.5) 2.5 leaf (Z12.5) 2.5 leaf (Z12.5) 
Timing 2  -  T2  -    9 August 2000 4.5 leaf (Z14.5/22) 4.5 leaf (Z14.5/22) 4.5 leaf (Z14.5/22) 
Timing 3  -  T3  -    5 September 2000 Z32 Z33 Z41 
Timing 4  -  T4  -  21 September 2000 Z47-51 Z53-57 Z57-59 
Zadoks growth scale 
Z32  -  2nd node detectable 
Z33  -  3rd node detectable 
Z41  -  Flag leaf sheath extending 
Z47  -  Flag leaf sheath opening 
Z51  -  Tip of ear just visible 
Z53  -  Ear half emerged 
Z57  -  Ear three quarter emerged 
Z59  -  Ear emergence completed 
RESULTS 
Spraying with phenoxy herbicides reduced yield of some varieties at the 2.5 leaf stage (T1), 4.5 leaf 
stage (T2) and the head emergence stage (T4).  Head distortions were observed where phenoxy 
herbicides were applied at the 2.5 and 4.5 leaf stages.  No head distortions were observed at the flag 
leaf emergence (T3) or head emergence (T4) stages.  There was no effect of phenoxy herbicides on 
yield when applied at the flag leaf emergence (T3) stage). 
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Table 2. Yield % of control, and visual head distortions (% of heads distorted) 
Treatment Brookton Carnamah Westonia 
 Yield % Distort Yield % Distort Yield % Distort 
Control T1 % 
(Yield kg/ha) 
100 
1286 
0 100 
1531 
0 100 
1770 
0 
MCPA Amine 500 mL/ha T1 100 3 89 0 99 0 
MCPA LVE 500 mL/ha T1 91 13 76 2 99 1 
2,4-D Amine 500 mL/ha T1 87 17 83 2 95 1 
2,4-D Ester 80 250 mL/ha T1 73 40 69 4 90 4 
LSD T1 9.7  9.7  9.7  
Control T2 % 
(Yield kg/ha) 
100 
1369 
0 100 
1262 
0 100 
1490 
0 
MCPA Amine 1 L/ha T2 106 3 101 0 102 0 
MCPA LVE 1 L/ha T2 96 5 91 0 97 0 
2,4-D Amine 1 L/ha T2 104 90 95 50 96 2 
2,4-D Ester 80 500 mL/ha T2 103 90 87 57 98 3 
LSD T2 11.8  11.8  11.8  
Control T3 % 
(Yield kg/ha) 
100 
1788 
0 100 
1608 
0 100 
1928 
0 
2,4-D Amine 1 L/ha T3 97 0 96 0 98 0 
2,4-D Amine 1.5 L/ha T3 93 0 111 0 111 0 
2,4-D Ester 80 500 mL/ha T3 97 0 106 0 114 0 
2,4-D Ester 80 750 mL/ha T3 100 0 104 0 109 0 
LSD T3 NS  NS  NS  
Control T4 % 
(Yield kg/ha) 
100 
1446 
0 100 
1472 
0 100 
2021 
0 
2,4-D Amine 1 L/ha T4 83 0 89 0 107 0 
2,4-D Amine 1.5 L/ha T4 72 0 101 0 102 0 
2,4-D Ester 80 500 mL/ha T4 64 0 94 0 102 0 
2,4-D Ester 80 750 mL/ha T4 54 0 78 0 97 0 
LSD T4 12  12  12  
Average yield (kg/ha) 1344  1374  1822  
Note:  NS refers to no significant difference p < 0.05, Figures in bold significantly different from control p < 0.05. 
CONCLUSION 
Applying phenoxy herbicides outside the window of recommendation for the specific herbicide can 
lead to significant yield reductions and head distortions in wheat.  Longer season varieties such as 
Brookton and Carnamah appear to be more sensitive to early applications of phenoxy herbicides than 
short season varieties such as Westonia.  Amine formulations of phenoxy herbicides appear to be 
safer than ester formulations. 
Head distortions are not necessarily a reliable indicator of yield penalties from early phenoxy spraying.  
Brookton had higher levels of visual head distortions than Carnamah for timing T1.  However, 
Carnamah yield was affected more by the phenoxy herbicides at this timing than Brookton.  Carnamah 
yield was reduced by spraying with MCPA at timing T1 despite very low levels of head distortions 
being observed. 
It is possible that the Z51 stage (Tip of ear just visible) of wheat development is a critical timing for 
phenoxy application.  The most damage from phenoxy herbicide application for this trial and a similar 
trial conducted in 1999 was where the phenoxy was applied at Z51.  This may be coincidental, but 
certainly warrants further investigation.  Phenoxy herbicides applied just before or just after this timing 
caused less yield reduction than phenoxy applied at Z51.  This, however, may be a variety specific 
effect. 
It is likely that moisture stress contributed to large yield reductions in Brookton where the herbicide 
treatments were applied at Z47-Z51.  This is an example of where a long season variety was late 
sown with a tight finish to the season.  Given that Brookton was at the Z51 on 21 September and there 
was no rainfall after this time, the variety was under significant stress.  Spraying phenoxy herbicide at 
this time has added to the stress that that the plant was under and caused a reduction in yield.  2,4-D 
Amine appears to have been safer than 2,4-D Ester at equivalent rates.  2,4-D Ester 80 is roughly 
twice as effective as 2,4-D Amine 50%.  Therefore, 500 mL/ha Ester 80 is roughly equivalent to 1 L/ha 
Amine 50%. 
KEY WORDS 
phenoxy, tolerance, wheat, zadok growth scale 
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Tolerance of wheat to phenoxy herbicides 
Harmohinder S. Dhammu, Terry Piper and Mario F. D'Antuono 
Agriculture Western Australia  
KEY MESSAGES 
• Wheat growers can better decide time of application of phenoxy herbicides to wheat varieties by 
using the information in Table 3.  The addition of one leaf to the leaf number present at double 
ridge is the earliest time at which higher rates of the phenoxy herbicides can be applied with 
minimal ear head deformities. 
• Visual ear, head deformity symptoms caused by phenoxy herbicides, are not a good indicator of 
yield penalty.  
• Brookton and Calingiri seem to be more sensitive to phenoxy herbicides than the other varieties, 
under late sown and moisture stress conditions.  
• Westonia and Karlgarin, with lower ear head deformities and no yield reduction, seem to be 
more tolerant to phenoxy herbicides than other varieties. 
AIM 
To produce an up to date guide for optimum timing of phenoxy herbicides application on a range of 
current wheat varieties. 
METHODS 
Two trials at Avondale and Wongan Hills Stations were conducted using six wheat varieties.  Wheats 
were sown on 20 June 2000 and 4 July 2000 in 10 m wide strips parallel to each other at Avondale 
and Wongan Hills, respectively.  Herbicide treatments were sprayed across these strips.  Four 
herbicides and five times of application were arranged in three randomised blocks.  Spraying was 
started when Westonia was at Z14-15 and subsequent spaying was done at weekly intervals except 
that the last spray was done at full flag emergence at Wongan Hills.  At every time of treatment, 10 
plants were selected randomly from each variety to work out mean number of leaves on the main stem 
and 5 plants were dissected to determine the ear head development stages.  Ear head deformities in 
terms of missing spikelets, rachis thinning, fused and super-numerary spikelets were observed well 
before harvest.  Total of 75 heads from three spots per plot, each spot of 25 heads, were selected to 
work out the per cent head deformed.  95 per cent confidence interval was calculated by multiplying 
standard error due to mean leaf number to t value at 95 per cent level of confidence.  Total rainfall 
from June to November was 197.2 mm at Avondale and 159 mm at Wongan Hills.  
Table 1. Timing of herbicide application 
 Avondale Wongan Hills 
 Zadok’s scale Date Zadok’s scale Date 
Timing 1-T1 Z14-Z15   3 August 2000 Z14-Z15 17 August 2000 
Timing 2-T2 Z15-Z16 10 August 2000 Z15-Z16 24 August 2000 
Timing 3-T3 Z16-Z17 18 August 2000 Z16-Z17 30 August 2000 
Timing 4-T4 Z16-Z17 23 August 2000 Z17-Z18   8 September 2000 
Timing 5-T5 Z17-Z18 30 August 2000 After full flag emergence 29 September 2000 
At T5, ear emergence was complete in Amery, Karlgarin and Westonia at Wongan Hills.  Ear was half 
to three quarters emerged in Brookton.  Flag leaf was fully emerged in Camm and Calingiri and tip of 
the ear was visible particularly in case of Camm. 
Site 
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RESULTS 
Table 3. The number of visible leaves on main stem at double ridge and terminal spikelet of different 
wheat varieties (95% confidence intervals also shown) 
Variety Leaf number at 
double ridge 
95% conf. interval Leaf number at 
terminal spikelet 
95% conf. interval 
Site Avon Wongan Avon Wongan Avon Wongan Avon Wongan 
Amery  4.4 4.8 +/-0.2 +/-0.2   6.8 6.6 +/-0.2 +/-0.1 
Karlgarin  5.2 4.9 +/-0.1 +/-0.1  6.6 6.2 +/-0.2 +/-0.1 
Calingiri  6.0 6.6 +/-0.1 +/-0.2  7.4 7.5 +/-0.2 +/-0.2 
Camm  5.4 5.9 +/-0.2 +/-0.1  7.6 7.6 +/-0.2 +/-0.2 
Brookton  5.4 5.7 +/-0.1 +/-0.1  7.8 7.8 +/-0.1 +/-0.2 
Westonia  4.6 5.1 +/-0.1 +/-0.1  7.0 7.1 +/-0.2 +/-0.2 
Ear head deformities were observed in all wheat varieties when sprayed at 4-6 leaf stage (T1 & T2).  
2,4-D Ester at Wongan Hills and all the herbicides at Avondale sprayed at 6-7 leaf stage (T3) caused 
some deformities in Brookton and Calingiri (Data not shown for Avondale). No head deformities were 
observed when phenoxes were applied after full flag leaf emergence and /or at head emergence stage 
(T5).  The ear head development studies confirmed that spraying of phenoxys at double ridge stage or 
before caused head deformities.  The 95 % confidence interval (Table 3) alongside the leaf number 
indicate the variation associated with measuring main stem leaf number at double ridge and terminal 
spikelet.  For example: Amery’s mean leaf number at double ridge is 4.8 (Wongan Hills), with a 
confidence interval of 0.2.  Therefore double ridge is most likely to occur in range of 4.6 to 5.0 leaves. 
Both formulations of 2,4-D sprayed at 4-5 leaf stage (T1) caused yield reductions in Brookton.  Yield 
reduction was significant in Calingiri with 2,4-D Ester sprayed at 5-6 leaf stage (T2) and in Calingiri 
and Amery with 2,4-D Amine applied at 6-7 leaf stage (T3).  2,4-D formulations sprayed after full flag 
leaf emergence caused significant yield reduction in Brookton.  Phenoxy herbicides did not cause yield 
reduction in any of the varieties at any timing of spray at Avondale (data not shown). 
CONCLUSIONS 
Results of the trials confirmed that wheats were more sensitive to phenoxy herbicide application up to 
double ridge.  The addition of one leaf to the leaf number present at double ridge is the time at which 
higher rates of 2,4-D or MCPA can be applied with minimal head deformities.  MCPA formulations 
were safer than 2,4-D formulations. 
Ear head deformities are not a good indicator of yield penalty from early phenoxy spraying.  Head 
deformities were caused by phenoxyes in all the varieties but yield reductions were noticed only in 
Brookton and Calingiri.  2,4-D (amine) applied at 6-7-leaf (T3) caused no head deformities but resulted 
in significant yield reaction in Calingiri.  However, ear head deformities may increase the screening 
percentage and/or have an adverse effect on quality parameters, which will be further investigated. 
Wheats were sown around two weeks later, conditions were drier and finishing was tighter at Wongan 
Hills than Avondale.  Crop growth in terms of height and biomass production was poorer at Wongan 
Hills than Avondale.  Average yield across all the varieties at Wongan Hills was 1882 kg against 2401 
kg/ha at Avondale.  There was no rainfall for two months after application of last spray on 29 Sept at 
Wongan Hills.  Moisture stress might have contributed to yield reduction in medium to long season 
varieties Brookton and Calingiri coupled with phenoxy spray at T1 and T2 in general and in particular 
in Brookton when phenoxyes applied after full flag leaf emergence (T5).  
KEY WORDS 
phenoxy, MCPA, 2,4-D Ester, 2,4-D Amine, zadok, double ridge 
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Table 2. Yield % of control, and head deformities (% of heads deformed) 
 Amery Brookton Calingiri Camm Karlgarin Westonia 
 Yield % Deform Yield % Deform Yield % Deform Yield % Deform Yield % Deform Yield % Deform 
Untreated control 
kg/ha 
100 
1728 
0 100 
1835 
0 100 
1908 
0 100 
1997 
0 1001789 0 100 
2040 
0 
2,4-D Amine 1.0 L T1 104 33 88 57 98 22 93 22 104 15 105 16 
2,4-D Ester 80 0.5 L T1 97 54 86 72 101 31 101 54 100 37 103 36 
MCPA Amine 1.25 L T1 99 6 93 26 103 1 91 10 96 4 94 2 
MCPA LVE 1.0 L T1 107 7 109 56 93 3 102 12 101 7 101 2 
2,4-D Amine 1.0 L T2 103 0 94 41 102 13 101 2 104 0 101 1 
2,4-D Ester 80 0.5 L T2 109 6 90 49 89 26 96 10 100 2 110 1 
MCPA Amine 1.25 L T2 108 0 108 29 102 1 102 2 103 0 101 0 
MCPA LVE 1.0 L T2 104 0 85 16 93 2 92 2 101 0 103 0 
2,4-D Amine 1.0 L T3 89 0 90 0 89 0 93 0 100 0 105 0 
2,4-D Ester 80 0.5 L T3 98 0 98 15 92 49 94 0 97 0 97 0 
MCPA Amine 1.25 L T3 102 0 104 0 98 0 100 0 99 0 103 0 
MCPA LVE 1.0 L T3 108 0 108 0 102 0 112 0 102 0 113 0 
2,4-D Amine 1.0 L T4 100 0 113 0 98 0 93 0 103 0 96 0 
2,4-D Ester 80 0.5 L T4 96 0 97 0 91 0 92 0 101 0 96 0 
MCPA Amine 1.25 L T4 93 0 97 0 92 0 97 0 99 0 98 0 
MCPA LVE 1.0 L T4 100 0 106 0 102 0 96 0 105 0 106 0 
2,4-D Amine 1.0 L T5 97 0 88 0 98 0 89 0 102 0 103 0 
2,4-D Ester 80 0.5 L T5 93 0 87 0 93 0 95 0 94 0 92 0 
MCPA Amine 1.25 L T5 96 0 100 0 105 0 93 0 100 0 99 0 
MCPA LVE 1.0 L T5 96 0 97 0 95 0 97 0 97 0 107 0 
LSD (0.05) 9  11  10  11  8  10  
CV (%) 8  11  9  11  8  9  
Figures in bold are significantly different from untreated control. 
Herbicides/ha 
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Herbicide tolerance of durum wheats 
Harmohinder S. Dhammu, Terry Piper and David Nicholson 
Agriculture Western Australia  
KEY MESSAGES 
• Glean® and Logran® caused yield reductions in all the varieties although Glean® to Tamaroi 
and Logran® to Kamilaroi reductions were not significant. 
• 2,4-D Amine, Bromoxynil MCPA and Stomp® reduced yield of Wallaroi significantly. 
• Wollaroi showed sensitivity to higher number of herbicides than other varieties. 
BACKGROUND AND AIM 
Durum wheat is known to have different herbicide tolerances from bread wheats.  Being a new crop in 
WA, the information on the reaction of different durum wheat varieties to commonly used herbicides 
here, is very limited.  Trials in previous seasons have given conflicting results. The aim of the trial was 
to improve our knowledge of tolerance of durum wheat varieties to a range of herbicides.  
METHODS 
Four durum wheat varieties were sown on 28 June 2000 in 10 m wide strips parallel to each other on 
red loamy soil.  Spray treatments were applied across these strips in three randomised blocks.  Every 
fourth plot was kept as untreated control to know any spatial variation.  To note any phytotoxic effects 
from the herbicides, visual observations were taken 2-3 weeks after their spray and also at anthesis. 
RESULTS 
Visual rating during early crop growth and at anthesis gave following impressions: 
- Glean® and Logran® caused yellowing across all the varieties but the crop recovered within 4-5 
weeks after spray. 
- Jaguar® also caused yellowing and Tigrex® resulted in leaf spotting in all the varieties but 
effects were mitigated by anthesis. 
- Dicamba reduced the height of all the varieties around 5 cm, but that was not reflected in any 
yield penalty. 
Effect on yield 
Glean® and Logran® caused yield reductions in all the varieties although Glean® to Tamaroi and 
Logran® to Kamilaroi reductions were not significant.  Effects of Glean® are in contrast to previous 
results where it was safe to all the varieties.  Logran® effects are consistent with previous results 
where it reduced the yields of Yallaroi at Mullewa and of Tamaroi at Merredin. 
2,4-D Amine, Bromoxynil MCPA and Stomp® reduced yield of Wollaroi significantly.  2,4-D effects are 
consistent with previous results.  In the previous trials trifluralin reduced the yield of Wollaroi under wet 
conditions at Merredin, but yield reduction due to Stomp® this year under dry conditions is a surprise.  
Bromoxynil MCPA was not tested in the previous years, so it needs further testing   
Bromoxynil MCPA applied to Tamaroi and Jaguar to Yallaroi resulted in more than 10 % yield 
reduction, but these were statistically non-significant. 
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Table 1. Effect of herbicides on grain yield (% of untreated) of durum wheats at Mullewa (00MW30) 
 Herbicides/ha TOA* Kamilaroi Tamaroi Wollaroi Yallaroi 
1 Untreated (kg/ha)  1540 1615 1592 1691 
2 Glean 12.5 g IBS 88.5 90.9 89.8 88 
3 Logran 35 g  94.5 85.3 88.7 79.5 
4 Stomp 1.8 L  100 103.4 90.5 92.7 
5 Treflan 1.0 L  102.1 92 105.7 91.7 
6 Yield 2.0 L  94.3 107.2 99.7 105.5 
7 Avadex BW 2.0 L  101.8 109.7 94.1 94.9 
8 Diuron + Dual 1.0 L + 0.5 L IPP 103.2 101.6 96.1 95.4 
9 Achieve 250 g Z12-Z13 101.4 103.7 97.9 99.1 
10 Eclipse 10 g  100.8 99.4 100 104.3 
11 Jaguar 1.0 L  92.5 90.3 95.9 89.7 
12 Ally 5 g Z13-Z14 97.6 102.6 99.1 93.7 
13 Barrel 1.0 L  99 102.3 99.8 97.6 
14 Tigrex 1.0 L  98.7 91.8 96.1 95.3 
15 Bromoxynil MCPA 1.0 L  103.5 89.2 91.8 95.2 
16 Diuron + MCPA 0.35 L + 0.4 L  111.3 104.9 94.5 98.5 
17 MCPA amine 1.0 L Z14-Z15 96.3 105.7 107 105.6 
18 2,4-D amine 1.0 L  99 98.4 91.9 102.2 
19 Dicamba 1.0 L Z21+ 96.3 104.7 94.2 93.7 
 LSD (0.05) (% of untreated)  8.6 11.3 6.2 10.4 
 CV (%)  8.3 10.9 6.1 10.4 
*  Time of application, IBS-Incorporated by sowing; IPP-Immediately post plant. 
Treatment 9 was applied with 0.75% Supercharge, Tr 10 with 1% oil, Tr 12 and 13 with 0.25% wetter. 
Figures in bold are significantly different from untreated control. 
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Herbicide tolerance of new wheats  
Harmohinder S. Dhammu, Terry Piper and David F. Nicholson 
Agriculture Western Australia  
KEY MESSAGES 
• Glean® reduced the yield of Calingiri and Karlgarin, Avadex® of Camm and Yield of Karlgarin. 
• Camm and Karlgarin showed sensitivity to a higher number of herbicides than other varieties 
tested.  Camm seems to be more sensitive to group B and Karlgarin to group D herbicides. 
• Brookton and Westonia tolerated all the herbicides well. 
• Due to unusual season this year, some of the varieties showed sensitivities to a number of 
herbicides.  In the previous seasons under normal growing conditions the varieties tolerated the 
herbicides well.  Farmers can use the results to help decide the best herbicide options in the 
coming season according to the crop growing conditions.  
AIM 
This was a standard herbicide tolerance trial aimed to investigate the adverse possible herbicides x 
wheat varieties interaction. 
METHODS 
Eight wheat varieties were sown on 27 June 2000 in 10 m wide strips parallel to each other with a 
narrow points combine followed by ‘prickle chain’ on red loamy soil at Mullewa.  Spray treatments 
were applied across these strips in three randomised blocks.  Every fourth plot was kept as an 
untreated control to check any spatial variation.  To note any phytotoxic effects from the herbicides, 
visual observations were taken 2-3 weeks after their spray and also at anthesis. 
RESULTS 
Visual rating during early crop growth and at anthesis gave the following impressions: 
Achieve® caused dark green colour of leaves (across all varieties) within one week of spraying, but 
colour became normal after three to four weeks.  Achieve® also stunted all the varieties to some 
extent but plants recovered by anthesis. 
Affinity® + MCPA caused leaf spotting, Jaguar® and Tigrex® resulted in yellowing and Dicamba 
caused drooping in all varieties but effects seemed to be outgrown by anthesis. 
Effects on yield: 
• Glean®  -  significant yield reductions in Ajana, Calingiri, Camm and Karlgarin. 
• Ally®  -  in Arrino and Camm. 
• Avadex BW®  -  in Camm and Karlgarin. 
• Stomp®  -  in Arrino and Karlgarin. 
• Treflan®, Yield® and Achieve®  -  in Karlgarin only. 
• Jaguar®  -  in Camm. 
• Barrel®  -  in Carnamah. 
• Bromoxynil MCPA  -  in Camm. 
• Affinity® + MCPA  -  in Ajana and Calingiri. 
• A new herbicide ‘Pledge’ (Flumioxazin) was well tolerated by all the varieties.  This is a Group G 
broadleaf herbicide, not yet registered. 
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CONCLUSIONS 
Yield reduction in Ajana by Glean® and Affinity® + MCPA, Arrino by Ally® and Stomp® and Karlgarin 
by Achieve®, Avadex®, Stomp® and Treflan® are in contrast to previous results where these varieties 
tolerated the herbicides well.  The sensitivities this year may be due to unusual season. 
Yield reductions in Calingiri by Glean®, Camm by Avadex BW® and Karlgarin by Glean® and Yield® 
are consistent with the previous seasons and other locations. 
Yield reductions in long season varieties Calingiri by Affinity® + MCPA, Camm by Glean®, Ally®, 
Jaguar® and Bromoxynil MCPA and Carnamah by Barrel® may be due to the very short growing 
season this year which did not give enough time for crop to detoxify the chemicals to a safe level.  
External phytotoxic symptoms caused by Affinity® + MCPA in Calingiri were mitigated by anthesis.  
Affinity® + MCPA and Bromoxynil MCPA were not tested in the previous seasons, so these need 
further testing.   
Camm and Karlgarin showed sensitivity to a higher number of herbicides than other varieties tested.  
Camm seems to be more sensitive to group B and Karlgarin to group D herbicides.  
Brookton and Westonia tolerated all the herbicides well.  This is consistent with previous results. 
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Table 1. Effect of Herbicides on grain yield (% of untreated control) of wheat varieties at Mullewa (00MW29) 
 Herbicides/ha TOA* Ajana Arrino Brookton Calingiri Camm Carnamah Karlgarin Westonia 
1 Untreated yield (kg/ha)  1736 1804 1942 2154 1886 1971 1944 2226 
2 Glean 12.5 g IBS 85 94 93 88 90 98 90 98 
3 Logran 35 g  107 101 96 95 104 97 97 94 
4 Pledge 120 g  99 102 97 107 99 102 97 95 
5 Pledge 180 g  93 103 103 98 94 100 101 97 
6 Stomp  1.8 L  107 87 98 93 93 94 89 101 
7 Treflan 1.0 L  105 110 99 105 102 102 90 95 
8 Yield 2.0 L  112 106 99 103 103 95 90 96 
9 Avadex 2.0 L  110 92 94 104 88 99 91 95 
10 Pledge 120 g IPP 100 99 98 96 96 99 94 108 
11 Diuron + Dual 1.0 L + 1.0 L   118 102 99 101 107 99 100 92 
12 Diuron + Glean 1.0 L + 15 g  91 99 92 104 91 94 91 96 
13 Achieve  250 g  Z12-Z13 108 99 99 97 93 100 88 100 
14 Eclipse 10 g  108 108 96 102 106 101 99 104 
15 Jaguar 1.0 L  107 102 99 95 85 98 98 96 
16 Ally  5 g Z13-Z14 101 89 95 93 84 94 94 99 
17 Barrel 1.0 L  100 106 102 98 106 90 95 94 
18 Tigrex 1.0 L  108 114 96 93 97 101 103 102 
19 Affinity + MCPA 50 g + 0.5 L    84 94 97 85 105 99 100 119 
20 Bromoxynil MCPA 1.0 L  96 99 96 107 89 107 92 103 
21 Diuron + MCPA 0.35 L + 0.4 L  107 101 108 97 104 95 94 103 
22 Dicamba 1.0 L Z21+ 96 114 98 93 107 93 99 100 
 LSD (0.05) (% of untreated)  12 11 9 9 10 7 9 8 
 CV (%)  11 10 9 9 10 7 9 8 
IBS-Incorporated by sowing; IPP-Immediately post plant. 
Treatment 13 + 0.75% Supercharge, Tr 14 + 1% oil, Tr 16 and 17 + 0.25% wetter, Tr 19 + BS1000 0.05% v/v. 
Figures in bold are significantly different from untreated control. 
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Towards molecular breeding of barley:  Construction 
of a molecular genetic map 
Mehmet Cakir1, Nick Galwey1, David Poulsen2, Garry Ablett3, Reg Lance4, Rob 
Potter5 and Peter Langridge6 
1Plant Sciences, Faculty of Agriculture, UWA, Nedlands   WA 
2Queensland Department of Primary Industries, Warwick   QLD  
3Centre for Plant Conservation Genetics Southern Cross University, Lismore   NSW 
4Agriculture Western Australia, South Perth   WA 
5SABC Murdoch University, WA 
6Department of Plant Science University of Adelaide, Glen Osmond   SA 
KEY MESSAGES 
Genetic map construction is an important step towards identifying genes that are responsible for the 
expression of traits.  To achieve this goal a dihaploid mapping population was constructed between 
the barley parents Tallon and Kaputar. Parents were first screened with amplified fragment length 
polymorphism (AFLP) and simple sequence repeat (SSR) markers.  A total of 211 AFLP markers and 
33 SSR markers were identified as polymorphic between the parents.  Then all of the polymorphic 
AFLP markers and 24 of the SSR markers were assayed for the whole population.  Linkage analysis 
of the markers revealed seven large and thirteen smaller linkage groups.  The seven large linkage 
groups are assigned to individual barley chromosomes with reference to the published map locations 
of the SSR markers.  The total map covered 1300 cM, which is about the expected size of the barley 
genome. 
AIMS 
• To construct a linkage map of DNA markers including SSRs, and AFLPs in a barley doubled 
haploid population. 
• To demonstrate the efficiency of SSR markers in assigning linkage groups to individual 
chromosomes. 
MATERIALS AND METHODS 
Plant material 
In this project a number of populations were constructed from crosses among varieties that are widely 
used throughout Australia.  This paper presents the results of Tallon  Kaputar population.  These 
varieties are widely used in Australian barley breeding programs.  From the F1 generation of this cross  
65 doubled haploid lines were developed by anther culture.  Ten seeds from each line were grown in a 
glasshouse and used for genetic analysis.   
Molecular analysis  
DNA was isolated from 10-day-old plant tissues.  Sixty-five lines were characterised genotypically with 
AFLP and SSR markers to construct a skeletal linkage map.  Twenty-four primer combinations (MseI 
and PstI) were used for AFLP analysis, which included digestion, pre-amplification and selective 
amplification of DNA.  SSR analysis was conducted by PCR amplification of the DNA with primers 
known to bracket  SSR regions. A total of 96 SSR markers selected from current published barley 
maps were used for screening of the parents, and from these, 25 polymorphic markers were selected, 
based on their distribution along the barley chromosomes, and mapped by assaying the 65 DH lines.  
Inheritance and linkage analysis 
All marker loci were subjected to a chi-square goodness-of-fit test for segregation analysis using 
qGene software to test if marker alleles fit to 1:1 expected ratios.  Linkage analysis of the markers was 
conducted using Mapmaker and Mapmanager software.  Linkages are established with a minimum 
LOD score of 3.0. 
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RESULTS 
AFLP analysis revealed 211 loci polymorphic between the parental lines.  From SSR analysis, 33 
markers were found to be polymorphic between the parents.  Sixteen out of a total of 236 loci were 
found to have considerable distortion from the expected ratios and were excluded from the linkage 
analysis.  SSR and AFLP markers were collated for linkage analysis.  Analysis revealed 7 large 
(Figure 1) and 7 smaller (not shown) linkage groups.  By reference to the location of the SSR markers 
7 large groups were assigned to seven barley chromosomes (Figure 1), which included 167 of 220 
loci.  Thirty-three loci were found to be unlinked to any of the linkage groups.  In total the map covered 
1300 cM, which is about the expected size of barley genome. 
CONCLUSIONS 
The current project has demonstrated a high level of polymorphism between the parental lines.  
Further it also showed that SSR markers could be used to assign AFLP linkage groups to the 
individual chromosomes of barley.  The map constructed in this study was subsequently used to 
identify genes for agronomic, disease and quality traits of barley (Cakir et al. these proceedings). 
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Figure 1. Genetic map of barley chromosomes. 
Marker names starting with ‘M’ represent the AFLP markers and the others are SSR markers. 
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Towards molecular breeding of barley:  Identifying 
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KEY MESSAGES 
A dihaploid (DH) mapping population was developed between Tallon and Kaputar varieties and used 
to construct a genetic linkage map of barley.  Map construction is described in an accompanying 
paper (Cakir et al. these proceedings).  This genetic map with 195 amplified fragment length 
polymorphism (AFLP) and 25 simple sequence repeat (SSR) markers was used to identify markers 
that are linked to agronomic, disease and quality traits in barley.  The population, which included 65 
lines, were tested across Australia in different environments and a number of traits were measured.  
The marker data set and phenotypic data were used to identify quantitative trait loci (QTLs) associated 
with the traits.  Significant associations were found for a number of traits.  Notably grain yield and net 
blotch resistance showed significant associations on chromosomes 5H and 6H, respectively.  Markers 
located on these regions present an opportunity for marker assisted selection (MAS) for these traits in 
barley breeding programs.  
AIMS 
• To identify markers that are strongly linked to (co-segregate with) quantitative traits (e.g. yield). 
• To validate putative markers on different populations. 
MATERIALS AND METHODS 
Field trials and statistical analysis of phenotypic data 
DH lines were grown in replicated trials in seven sites for two years in five states including two 
Western Australian sites (Katanning and Wongan Hills).  Phenotypic data for every trait studied were 
collated and checked.  Biometrical analysis was then performed (including spatial analysis and multi-
environment analysis in some cases) to maximise the precision with which genetic effects were 
estimated.  Quantitative traits considered included agronomic, disease and quality characters. 
QTL analysis 
The barley genetic map (Cakir et al. these proceedings) with 220 DNA markers was used to identify 
QTLs associated with the traits.  QTL analyses were performed using Mapmanager and QGENE 
software.  A threshold LOD (logarithm of odds ratio) score of 3.0 was chosen for declaring the 
existence of a QTL.  Wherever appropriate simple regression and interval mapping analysis were 
used to find the associations.  Separate analysis for each site and a joint analysis over all sites were 
performed for each trait. 
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RESULTS  
Agronomic and disease traits 
Markers were found to be linked to important QTLs in numerous traits.  Notably one region on 
chromosome 6H was very significantly associated with the net form of net blotch (R2 = 79%) 
(Figure 1).  This association was consistent for five net blotch strains, and offers a good opportunity to 
Australian plant breeders for the implementation of marker assisted selection of net blotch.  Grain 
yield, over a range of sites throughout Australia, was found to be associated with regions on 
chromosomes 5H and 6H and also with a marker not yet allocated to a chromosome (overall R2 = 35 
%).  Regions on chromosomes 2H and 6H explained the 42% of variation in lodging.  These regions 
are going to be focal points of further research for validation and implementation of the markers for the 
traits mentioned above.  The markers located in these regions could also be used in pedigree-based 
association mapping studies in diverse barley genetic resources.  This process will allow the 
identification of markers associated with the traits in different genetic backgrounds. 
Figure 1. Interval mapping of barley chromosomes for the net form of net blotch and yield.  
Quality traits 
This study examined six quality traits.  These were diastatic power, alpha amylase activity, protein 
content, hot water extract, malt yield and viscosity.  Analyses of these traits revealed significant 
associations with marker loci.  In particular, diastatic power was associated with regions on 
chromosomes 3H and 5H (R2 = 37%) (Figure 2).  Malt yield showed significant associations on 
chromosomes 2H and 6H.  Both hot water extract and alpha amylase activity traits associated with a 
region on chromosome 2H with R2s of 50% and 30%, respectively. 
Loci were also identified that were associated with the pattern of genotype x environment interaction 
for these traits.  For example, a principal component analysis of diastatic power identified a second 
component that contrasted Katanning with the other sites studied (Charlick, Blighty, Wagga Wagga 
and Wongan Hills), and the score on this component was associated with a region on chromosome 5H 
(R2 = 50%) (Figure 2).  That is, an allele can be selected in this region of the genome that will confer 
specific adaptation to environments similar to Katanning.  A similar pattern was found for hot water 
extract. 
1H 2H 3H 4H 5H 6H 7H 8 9 10112131415
Regression f or trait NB52B
Kaputar
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F 0.0
77.23
77.23
Marker loci on map
1H 2H 3H 4H 5H 6H 7H 8 9 10112131415
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Kaputar
Tallon
F 0.0
14.76
14.76
Marker loci on map
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Figure 2. Interval mapping of barley chromosomes for diastatic power.   
CONCLUSIONS 
Marker assisted selection has potential for the genetic improvement of traits that are painstakingly 
evaluated after harvest, such as malting quality in barley.  DNA markers are being used as useful tools 
in MAS of barley in breeding programs throughout Australia.  The Western Australian Barley Breeding 
Program is currently using polymerase chain reaction-based (PRC-based) markers in MAS for 
powdery mildew, -amylase activity and resistance to Barley Yellow Dwarf Virus.  The same strategy 
is being used in South Australia for boron tolerance in barley using RFLP-based markers.  
The current project has identified a number of markers that are associated with a number of traits.  
These markers are located in certain regions of the chromosomes and these regions are going to be 
focal points of further research for validation and implementation of the markers for these traits.  The 
markers located in these regions could also be used in pedigree-based association mapping studies 
using diverse barley genetic resources.  This process will allow the identification of markers associated 
with traits on different genetic backgrounds. 
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Can we improve grain yield by breeding for greater 
early vigour in wheat? 
Tina Botwright1, Tony Condon1, Robin Wilson2 and Iain Barclay2 
1CSIRO Plant Industry, 2Agriculture Western Australia 
KEY MESSAGES 
• Improved early vigour (leaf area) has been proposed as an important trait for increasing water-
use efficiency and thereby grain yield in rainfed environments. 
• Field trials were undertaken in WA at Merredin and Wongan Hills from 1998-2000 to examine 
the influence of increased early vigour on crop growth and yield. 
• Vigour treatments included:  (i) breeding lines generated by backcrossing high-vigour into the 
cultivar Amery, and  (ii) increased seed size. 
• Increased leaf area development at 50 DAS at Wongan Hills was maintained throughout crop 
growth and contributed to an increase in yield in some breeding lines and with large seed size.  
• There was no difference in yield between treatments at Merredin. This may have been due to 
earlier onset of terminal drought at this site. 
INTRODUCTION 
Greater early vigour has been identified as one of several physiological traits that have potential for 
improving wheat water-use efficiency in the drier regions of Australia, especially in the southern and 
western wheatbelt that have a Mediterranean climate.  Wheat with greater early vigour, i.e. high LAI 
during early growth, should reduce evaporative water loss from the soil surface.  The crop can instead 
transpire this water while the vapour pressure deficit is low and use it in productive growth to increase 
yield.  Additional benefits of greater early vigour can arise through improved competitiveness with 
weeds.  
MATERIALS AND METHODS 
Field experiments with bread wheat were carried out from 1998-2000 at Wongan Hills and Merredin.  
Entries included Amery and six backcross ‘vigour’ lines of Amery in 1998 and 1999, and small (26 mg) 
and large (48 mg) seeded Amery in 1999 and 2000.  The backcross lines were developed from an 
initial cross of Amery with a highly vigorous donor line, Vigour 18, with two further round of 
backcrossing to Amery.  Each trial was sown in a nearest-neighbour design with four replicates at two 
sites over three years.  Plots (1.42 m wide and 15 m long) were sown in late May to early June.  
Samples (0.405 m2) were harvested at the 4 leaf stage (50 DAS) from each plot and at final harvest. 
Plots were machine harvested to determine grain yield.  
RESULTS AND DISCUSSION 
Early vigour of Amery vigour lines 
All of the six Amery vigour lines used in this study, except AV126, were more vigorous than Amery 
(Table 1).  Averaged across lines, sites and years the AV lines had 10% greater leaf area than Amery 
when sampled at ca. 50 DAS.  The most vigorous AV lines were AV105 and AV108 which, on 
average, had early leaf area ca. 14% greater than Amery.  
Grain yield of Amery vigour lines 
All six AV lines had yields that were comparable to Amery (Table 2).  The line, AV105, had a 4% yield 
advantage over Amery, averaged across sites and years.  This relative yield advantage was greater at 
Wongan Hills than at Merredin (Table 2).  Averaged across lines, sites and years, the AV lines 
produced fewer grains m-2 than Amery (86% of Amery) but grains were 11% heavier than Amery.  The 
smaller grain number m-2 of the AV lines was due to fewer grains per spike (81% of Amery).  The AV 
lines produced 6% more ears, on average, than Amery.  Despite this limitation, one of the six lines 
outyielded Amery over all two environments. 
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Plant biomass and leaf area harvests throughout the season showed that the initial benefit in leaf area 
in the backcross lines at Merredin had dissipated by anthesis, presumably because the early vigour 
may have depleted the soil water faster, reducing any yield advantage. 
Table 1. Effect of selecting for improved early vigour on early leaf area of Amery vigour (AV) lines 
50 DAS at Merredin (MD) and Wongan Hills (WH).  lsd, P = 0.05 
 Vigour (cm2 plant-1) 
Line 1998  1999 
 WH MD  WH MD 
Amery 28.5 31.4  34.6 32.5 
AV42 34.3 35.0  33.0 30.6 
AV51 30.3 36.4  35.6 29.5 
AV103 32.8 36.9  36.3 35.0 
AV105 35.0 34.7  36.5 39.9 
AV108 34.0 33.5  39.8 41.4 
AV126 27.0 33.2  27.0 30.4 
lsd   5.3   3.3    8.5   9.9 
Table 2. Effect of selecting for improved early vigour on grain yield of Amery vigour (AV) lines grown 
at Merredin (MD) and Wongan Hills (WH).  lsd P = 0.05 
 Grain yield (g m-2) 
Line 1998  1999 
 WH MD  WH MD 
Amery 320 214  342 264 
AV42 308 221  304 254 
AV51 305 199  277 213 
AV103 304 193  329 270 
AV105 338 221  355 269 
AV108 302 195  325 258 
AV126 306 202  296 273 
lsd   13   24    32   15 
Effects of variation in seed size 
The yield component data indicated that deleterious traits (e.g. small ear size) may have been carried 
over into the AV lines from the vigour donor.  The potential effects of genetic background in the Amery 
AV lines were eliminated in field trials in 1999 and 2000 that used three seed size classes to 
manipulate early vigour of Amery.  This was successful, with LAI increasing by 30 and 40% at 
Merredin and Wongan Hills, respectively, in large- compared to small-seeded Amery at 50 DAS 
(Table 3). 
Greater early LAI was linked to a higher final yield for the three seed size classes at Wongan Hills in 
1999, but not in 2000 (Table 3).  At Merredin, in contrast, there was no relationship between LAI and 
yield.  The results at Merredin in 1999 were consistent with those from 1998 and 1999 for the Amery 
backcross lines. 
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Table 3. Effect of improved early vigour through increased grain size on LAI and yield at Wongan Hills 
(WH) and Merredin (MD) in 1999 and 2000.  lsd, P = 0.05 
 1999  2000 
Line LAI  Yield  LAI  Yield 
 (50 DAS)  (g m-2)  (50 DAS)  (g m-2) 
 WH MD  WH MD  WH MD  WH MD 
Amery 0.35 0.33  342 265  0.46 0.22  180 81 
Small Amery 0.23 0.27  317 262  0.35 0.16  172 80 
Large Amery 0.40 0.37  369 259  0.59 0.23  179 74 
lsd 0.09 0.09  31 15  0.83 0.29  166 85 
CONCLUSION 
Improving the yield of wheat through greater early vigour derived from backcrossed lines of Amery 
was moderately successful.  Elimination of background genetic effects of backcrossing by selecting for 
different seed size classes in Amery did, however, confirm the hypothesis that increased yield could 
be achieved by improving early vigour, but only at Wongan Hills.  At Merredin, any initial benefit in leaf 
area development gained through improved vigour appeared to be dissipated by maturity, as there 
was no significant increase in dry matter or yield.  It seems likely that at dry sites greater early vigour 
initiates terminal drought earlier to reduce yield. 
GRDC Project: CSP 213 
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The Crop Improvement Royalty 
Howard Carr, Agriculture Western Australia 
THE CROP IMPROVEMENT ROYALTY 
The Crop Improvement Royalty (CIR), introduced by Agriculture Western Australia (AGWEST) for the 
2000/2001 harvest, is a royalty paid on every tonne of grain of nominated AGWEST varieties 
produced and sold by growers.  The CIR will replace Seed Royalties as a mechanism for returning 
royalties to the variety owners (AGWEST and GRDC) and will apply to future AGWEST plant varieties.  
The benefits of the CIR system include the streamlining of royalty payments, resulting in lower costs to 
growers, and a more efficient flow of research and development funds to AGWEST.  A currently active 
amnesty period presents the opportunity for growers to declare their ownership of seed of these 
varieties received outside the licensee (retail) network, without prosecution. 
The protection provided by the Plant Breeders Rights Act (1994, Commonwealth) confers exclusive 
rights to the registered owners of a plant variety and allows them the control of production, distribution 
and sale of seed of that variety.  Within the Plant Breeders Rights Act there is provision for the variety 
owner to charge a royalty on sales of that variety. In Australia, royalties have traditionally been paid at 
the point of seed purchase and these are termed Seed Royalties. AGWEST in the 2000/2001 harvest 
has reformed the royalty system by introducing the Crop Improvement Royalty on 1 October 2000.  
Under the CIR system, royalty payment will be made on each tonne of grain of selected AGWEST 
varieties delivered irrespective of the point of delivery.  The varieties incurring a CIR in 2000/2001 are 
listed in Table 1. 
Table 1. A summary of the Crop Improvement Royalty System for AGWEST Varieties 2000 / 2001 
Crop variety CIR 
CIR collection / 
comm. fee 
CIR total  
(W/O GST) 
Collection agent (seed licensee 
and grain marketer) 
WHEAT Camm $0.70/t $0.25/t $0.95/t Paramount Seeds / AWB Limited 
Ajana $0.70/t $0.25/t $0.95/t SGB Australia / AWB Limited 
Karlgarin $0.70/t $0.25/t $0.95/t AWB Seeds / AWB Limited 
LUPINS Tanjil $0.60/t $0.25/t $0.85/t SGB Australia / GPWA 
Quilinock $0.70/t $0.25/t $0.95/t AgraCorp / GPWA 
Wodjil $0.50/t $0.25/t $0.75/t AgraCorp / GPWA 
BARLEY Doolup $0.20/t $0.25/t $0.45/t AgraCorp / GPWA 
FIELD 
PEAS 
Helena $0.95/t $0.25/t $1.20/t SGB Australia / GPWA 
Cooke $0.70/t $0.25/t $0.95/t AgraCorp / GPWA 
Under the seed royalty system introduced with the PBR Act, each AGWEST plant variety was licensed 
to one or several licensees who managed the bulk up and distribution of seed.  A limitation or ban on 
the period where seed could be directly traded (farmer to farmer trading) existed and in this way 
licensees provide quality control of seed in the market.  Growers expressed concerns with several 
areas of the Seed Royalty system and provided valuable input into areas where improvement could be 
made.  The formulation and implementation of the CIR system incorporated extensive consultation 
between AGWEST staff, grain growers, farming representative organisations, seed licensees and 
grain handlers and marketers. 
To register for the CIR scheme growers need only to complete the Grower Deed Poll, a document that 
was forwarded to all Western Australian grain growers in an AGWEST mailout in December 2000.  
The Deed Poll enables AGWEST to alter existing agreements between grain growers and seed 
licensees and this then allows for automatic deduction of CIR from grower’s grain payments.  
Automatic deductions of the CIR ensures that the costs involved in maintaining the system are low 
and that the proportion of payments by growers to AGWEST plant breeding Research and 
Development, is maximised.   
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To further assist growers in what has proved for many to be a difficult year, AGWEST has lowered its 
CIR rates from the initially quoted rates.  Together with the lower CIR collection fees growers will now 
pay a total CIR 26 to 47% less than the originally quoted figures, depending on the variety they have 
grown.   
AGWEST is also offering a period of amnesty for owners of CIR varieties involved in the trade of seed 
outside the licensee (retail) network. To take advantage of this amnesty which finishes on 31 March 
2001, illegal CIR variety owners need only to execute the Deed Poll contract and then correctly 
declare deliveries of grain that had been either incorrectly declared or contained mixed varieties.  In 
this way growers will pay the correct CIR on their deliveries.  To aid in the detection of misdeclared 
loads AGWEST and grain handlers/marketers are incorporating new technologies for DNA 
identification to identify illegal grain owners.  Offenders can expect to be prosecuted under the Plant 
Breeders Rights Act and contract law.  
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GrainGuard  -  The development of a protection 
plan for the wheat industry 
Greg Shea, Agriculture Western Australia 
BACKGROUND 
The West Australian grains industry is highly exposed to a number of biological threats including 
incursions of exotic pests, the spread of endemic pests, the development of pesticide resistance and 
problems associated with grain contamination. 
The foundation of GrainGuard is the maintenance of a high level of bio-security beginning at the 
farm level.  Growers, agribusiness and others throughout the grain handling chain are encouraged to 
be vigilant and report any unusual pest observations and seek identification of these pests or 
disorders by AGWEST specialists.   
This Wheat Industry Protection Plan developed under GrainGuard sets out how the Western 
Australian Wheat Industry, Agriculture Western Australia and the Agriculture Protection Board will 
cooperate to assess and respond to new threats by appropriate prevention of entry, early detection 
and prompt incident response actions. 
The first step in developing the plan was to carry out threat identification and risk assessment. 
THREAT IDENTIFICATION AND RISK ASSESSMENT 
There are five categories of threats to the wheat industry in Western Australia.  These include insects, 
diseases, weeds, animal pests, and chemical (residue) threats.  Within each group there are many 
potential threats.  The serious threats have been identified through risk assessment and others may 
be added as a continual watch is kept for development of wheat industry threats throughout the world. 
Key considerations: 
• A threat’s entry, establishment and spread potential in Western Australia and its impact on costs 
of production, productivity and market access? 
• What are the consequences? 
• How fast does the threat spread, what is its impact on productivity and market access and how 
difficult is it to control? 
By analysing this information, potential threats to wheat industry businesses are allocated to one of 
four Categories ranging from high probability of occurrence and high impact (Category A) to minor 
impact (Category D).  The following two tables summarise these Categories and the most serious 
threats identified in Category A. 
Table 1. Threat category of wheat insects, diseases, weeds and animal pests exotic to Western 
Australia 
Category Characteristics 
A • High probability of establishing in Western Australia. 
• Could spread throughout the State’s wheat growing areas. 
• Has major trade implications and/or substantial long-term effects on productivity or the 
cost of production. 
B • Low probability of establishing in Western Australia. 
• Could spread throughout the State’s wheat growing areas. 
• Has major trade implications and/or substantial long-term effects on productivity or the 
cost of production. 
C • Biological restrictions to spread within Western Australia. 
• Only moderate impact on long term productivity or the cost of production. 
D • Minor impact on productivity or the cost of production. 
N • Not yet assessed. 
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Table 2. Category ‘A’ exotic threats to WA’s wheat industry 
Common name 
(Scientific name) 
Threat 
type 
Present in 
Australia 
(outside WA) 
Primary 
host crop 
or weed of 
Alternate host 
crop or weed of 
Previously 
eradicated 
from WA 
Branched broomrape 
(Orobanche ramosa) 
Weed Yes, South 
Australia 
Non cereal 
crops 
Oilseeds, pulses 
and horticultural 
crops 
No 
Khapra beetle 
(Trogoderma granarium) 
Insect No Grain None No 
Karnal bunt 
(Tilletia indica) 
Fungal 
pathogen 
No Wheat None No 
Stripe rust  
(Puccinia striiformis) 
Fungal 
pathogen 
Yes  
(NSW, SA, 
Tas., Vic.) 
Wheat Rye, Barley, 
Wheatgrass, 
Bromegrass, 
Orchardgrass, 
Bluegrass 
No 
A draft plan has been completed by the Working Group and has identified Quarantine, surveillance, 
research/development management and communication activities that can be carried out by 
government and industry.  
The Wheat Industry Protection Plan will form the basis for a complete Grains Industry Protection Plan 
once all grain industries have been considered. 
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Rainfall  -  What happened in 2000 and the prospects 
for 2001 
Ian Foster, Agriculture Western Australia, South Perth 
KEY MESSAGE 
Last year’s poor season was characterised by extreme summer rain, a late start to winter, and an early 
spring finish.  An experimental long-lead forecasting scheme developed at AGWEST predicts that that 
a weak to moderate El Nino event will develop in the Pacific Ocean during 2001.  Historically this has 
meant that a wet winter is less likely over most of the agricultural region.  However, a trend of 
decreasing rainfall over the past three decades has made statistical rainfall forecasting schemes of 
less value, and suggests that we revise downward our expectations of winter rainfall. 
AIMS 
This paper aims to put last year in historical perspective and to provide some guidance for the rainfall 
of 2001.  The impact of recent rainfall trends on rainfall statistics and forecasting will also be 
discussed. 
METHODS 
An experimental scheme has been developed at AGWEST (Stephens, 2001, pers. comm.) that 
predicts the onset and magnitude of El Nino and La Nina events in the Pacific Ocean.  The scheme 
uses differences in atmospheric pressure between south-eastern Australia and the South Pacific to 
detect atmospheric forcing for El Nino and La Nina events at higher latitudes than traditionally 
employed by the Southern Oscillation Index (SOI).  This gives a longer forecasting lead-time than 
conventional methods. 
Historical rainfall records for Western Australian stations can be examined relative to winter values of 
the SOI using the computer database Australian Rainman.  Rainfall totals for May to October were 
compared with the average SOI values during May to August for a number of sites in the agricultural 
region.  Simple scatter plots and historical seasonal rainfall allow the strength of the relationship 
between winter SOI and seasonal rainfall to be determined. 
Rainfall prediction schemes based on patterns of sea surface temperatures (SSTs) have been 
developed by the Bureau of Meteorology and other institutions.  These systems define statistical 
relationships between SSTs and three-monthly seasonal rainfall.  Published forecasts for 2001 will be 
presented. 
RESULTS 
The AGWEST prediction scheme is indicating the likely development of a weak to moderate El Nino 
event during 2001.  Accordingly, the expectation is that the SOI will be negative during the winter. 
Historical growing season (May-October) rainfall for 17 key sites in the agricultural region were 
compared with winter SOI values. An example is shown in Figure 1 for Wongan Hills Post Office. 
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Figure 1. The relationship between growing season rainfall and winter SOI at Wongan Hills for 1907 to 
2000. 
This plot is typical of most of the agricultural region in that if an El Nino event is apparent (SOI below –
5) then more years will be below average than above. In particular, wet years are unlikely.  Of the 23 
years with SOI less than –5, only 3 had well above average rainfall. In contrast, during La Nina events 
(SOI above +5) there is less chance of a very dry year. 
The large scatter reduces the linear correlation and shows that although the SOI has an influence on 
growing season rainfall, it is limited.  The statistical relationship is also decreased by the declining 
rainfall trend since the early 1970s (not shown). 
The Bureau of Meteorology’s seasonal outlook for Jan-March of 2001 suggests a higher chance of 
above average rainfall over much of the agricultural region.  Recorded rainfall for January has 
supported that prediction.  
CONCLUSION 
An El Nino event is likely to develop during 2001.  Historical records suggest that well above average 
growing seasonal rainfall is less likely over much of southern WA under those conditions.  However, 
correlations are modest.  Recent rainfall trends have further weakened the links and suggest that 
there is a low chance of well above average season growing season rainfall. 
Seasonal forecasts of late summer rainfall, based on sea surface temperatures, suggest that above 
average rainfall is likely over much of the agricultural region.  This has already happened in eastern 
parts, and will contribute to sub-surface moisture. 
KEY WORDS 
rainfall, forecasting, El Nino 
Paper reviewed by: David Stephens 
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Software for climate management issues 
David Tennant, Agriculture Western Australia, South Perth 
KEY MESSAGE 
Two software products are available for use. 
• Potential Yield Calculator (PYCAL) to estimate stored soil water at the start of the season, 
chart the progress of the season against historical rainfall records and calculate and update 
potential yield estimates as the season progresses. 
• Flowering Calculator (FLOWERCAL) to calculate flowering date for all crops and varieties and 
estimate the probability of frost, critical temperatures for pod set and high temperature events 
after flowering and during grain set. 
WHY WORK IS BEING DONE 
Climate variability, especially rainfall variability, is one of the major sources of uncertainty in dry land 
crop production.  Climate factors have a large influence on the productivity of dry land farming, 
affecting farm profitability and viability.  Most farmers will remember the good years and the bad 
‘drought’ years  -  there never seems to be a normal year. 
In Western Australia, most of the useful rain falls between May and October.  Throughout the year, 
rainfall in any month is close to the long-term average in three out of five years.  However, there is 
always a chance of unusually high or unusually low falls.  It is this variability that results in good, 
average or poor seasons due to one or more of the amount of summer rain, the timing of the break of 
the season or to how the season finishes, as well as total rainfall.  Seasonal conditions, especially 
those early in the season, have a big effect on income earned in that year.  For example, at Merredin 
almost 50% of long-term income is made in the good seasons (summer rain, early break) which occur 
in less than 20% of years. 
If you can respond to the season by making adjustments to your management as the season unfolds, 
it is possible to increase the income made in good years and minimise your losses in bad years.  To 
make these adjustments, timely information is required on rainfall conditions to date and likely 
outcomes with respect to crop yield and income.   
Choice of sowing date and variety is a key component in this adjustment process.  Earlier sowing 
should mean better water use efficiencies and higher yields.  Successful adoption of this strategy 
hinges on matching variety to sowing time to maximise growth and minimise the likelihood of frost after 
flowering yet avoid the incidence of high temperature events and terminal drought during grain fill.  
PYCAL and FLOWERCAL were produced to help users make choices between the range of 
management options that are now available. 
SOFTWARE DETAILS 
Potential Yield Calculator (PYCAL) 
The Potential Yield Calculator was developed to estimate stored soil water at the start of the growing 
season or at planting and to forecast potential yield as the season progresses. 
Key features 
• Stored soil water estimated at planting or at the start of the growing season. 
• Rainfall received charted against expected decile rainfall totals or rainfall received in earlier 
years. 
• Planting opportunities identified using a planting rule that can be user modified to suit local 
conditions 
• Potential yield forecasts made for any crop as the season progresses. 
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• Potential yield and water use efficiencies achieved calculated at the end of the growing season. 
• The likelihood of receiving rainfall needed to achieve target yields calculated. 
• Extensive default settings are provided that can be customised to user preferences and local 
conditions. 
Crop management decisions can be made using this information, largely at planting or early in the 
growing season. Both the potential yield and water use efficiency estimates made at the end of the 
growing season give benchmark values against which the success of the cropping enterprise can be 
assessed. If yields or water use efficiencies obtained do not approach respective benchmark values, 
then attention can be focussed on what management practise might be changed to achieve better 
results. 
Flowering Calculator (FLOWERCAL) 
The FLOWERING CALCULATOR is a tool that enables the user to compare flowering outcomes 
relative to risks of frost and high temperature events and the likelihood of experiencing optimum 
conditions during grain development. 
Key features 
• The FLOWERING CALCULATOR provides procedure to calculate flowering time using average 
daily temperature and day length data.  
• The user can interrogate daily temperature data records to provide information on incidence of 
frost and critical mean temperature events after flowering, high temperature events towards the 
end of grain filling and variation in flowering time.  
• Outcomes from variety selections can be assessed relative to user defined flowering windows 
and end of season dates, for any date of sowing. 
• The user can define frost, critical temperature and high temperature events in terms of severity 
(temperature) and duration (consecutive days).  
• The user can select one or more years of temperature record to calculate year specific flowering 
times and identify occurrence of frost, critical temperature, and high temperature events in those 
years.  
Parameter data are supplied to enable flowering time to be calculated for a selection of varieties for 
each of several crop species using a range of phenological models.  The models were selected on the 
basis of (i) enabling easy generation of parameters as new varieties come to hand using sowing date, 
flowering date, and daily temperature and site latitude data, and (ii) accessing existing and developing 
parameter data bases.  
KEY WORDS 
stored soil water, seasonal development, potential yield, water use efficiency, flowering date, frost risk 
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Botwright, Tina CSIRO Plant Industry Perth (08) 9333 6631 T.Botwright@ccmar.csiro.au 
Bowden, Bill Agriculture Western Australia Northam (08) 9690 2100 bbowden@agric.wa.gov.au 
Brennan, Ross Agriculture Western Australia Albany (08) 9892 8444 rbrennan@agric.wa.gov.au 
Burges, Nicole Agriculture Western Australia South Perth (08) 9368 3333 nburges@agric.wa.gov.au 
Burgess, Peter Agritech Crop Research Mundaring (08) 9295 6661 pburgess@agritech.com.au 
Cakir, Mehmet University of Western Australia Perth (08) 9380 2543 mcakir@agric.uwa.edu.au 
Carr, Howard Agriculture Western Australia South Perth (08) 9368 3333 hcarr@agric.wa.gov.au 
Crabtree, Bill WANTFA Northam (08) 9690 2100 bill.crabtree@wantfa.com.au 
D’Antuono Mario Agriculture Western Australia South Perth (08) 9368 3333 MDAntuono@agric.wa.gov.au 
Dhammu, Harmohinder Agriculture Western Australia Northam (08) 9690 2100 HSDhammu@agric.wa.gov.au 
Dominie Wright Agriculture Western Australia South Perth (08) 9368 3333 dwright@agric.wa.gov.au 
Fisher, James Agriculture Western Australia Northam (08) 9690 2100 jafisher@agric.wa.gov.au 
Foster, Ian Agriculture Western Australia South Perth (08) 9368 3333 ifoster@agric.wa.gov.au 
Galwey, Nick University of Western Australia Perth (08) 9380 1959 ngalwey@cyllene.uwa.edu.au 
Gethin, Patrick CSBP futurefarm Subiaco (08) 9382 9111 patrick_gethin@csbp.wesfarmers.com.au 
Griffith, Rob Aventis Crop Science Ammerdown (04) 2869 4628  
Guthrie, Ryan CSBP futurefarm Bayswater (08) 9379 1232 ryan_guthrie@csbp.wesfarmers.com.au 
Hamilton, Greg Agriculture Western Australia South Perth (08) 9368 3333 ghamilton@agric.wa.gov.au 
Hamza, Mohommad Agriculture Western Australia Merredin (08) 9081 3111 mhamza@agric.wa.gov.au 
Hawkes, Jenny Agriculture Western Australia, CLIMA South Perth (08) 9368 3333 Jhawkes@agric.wa.gov.au 
Houlbrooke, David Agriculture Western Australia Albany (08) 9892 8444 dhoulbrooke@agric.wa.gov.au 
Hume, Rob Aventis CropScience Melbourne (03) 9248 6815  
Jayasena, Kith Agriculture Western Australia Albany (08) 9892 8444 kjayasena@agric.wa.gov.au 
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Name Organisation Location Phone E-mail 
Jettner, Roslyn Agriculture Western Australia Albany (08) 9892 8444 rjettner@agric.wa.gov.au 
Johns, Jessica Agriculture Western Australia Three Springs (08) 9954 1004 Jjohns@agric.wa.gov.au 
Jones, Roger Agriculture Western Australia, CLIMA South Perth (08) 9368 3333 rjones@agric.wa.gov.au 
Kelly, Sean Agriculture Western Australia South Perth (08) 9368 3333 skelly@agric.wa.gov.au 
Kingwell, Ross Agriculture Western Australia South Perth (08) 9368 3333 rkingwell@agric.wa.gov.au 
Lance, Reg Agriculture Western Australia South Perth (08) 9368 3333 rlance@agric.wa.gov.au 
Langridge, Peter University of Adelaide Adelaide  plangridge@waite.adelaide.edu.au 
Leaver, Lisa CSBP futurefarm Subiaco (08) 9382 9111 lisa_leaver@csbp.wesfarmers.com.au 
Loss, Stephen CSBP futurefarm Subiaco (08) 9382 9111 stephen_loss@csbp.wesfarmers.com.au 
Loughman, Robert Agriculture Western Australia South Perth (08) 9368 3333 rloughman@agric.wa.gov.au 
McDonald, Glenn Agriculture Western Australia Katanning (08) 9821 3333 GMcDonald@agric.wa.gov.au 
Miyan, Shahajahan Agriculture Western Australia Northam (08) 9690 2100 smiyan@agric.wa.gov.au 
Moody, David VIDA Horsham (03) 5362 2156 david.moody@nre.vic.gov.au 
Newman, Peter Agriculture Western Australia Geraldton (08) 9956 8555 pnewman@agric.wa.gov.au 
Nicholson, David Agriculture Western Australia Geraldton (08) 9956 8534 dnicholson@agric.wa.gov.au 
O’Dea, Tim CSBP futurefarm Bayswater (08) 9379 1232 patrick_gethin@csbp.wesfarmers.com.au 
Panozzo, Joe VIDA Horsham (03) 5362 2129 panozzoj@vida.agvic.gov.au 
Paynter, Blakely Agriculture Western Australia Northam (08) 9690 2115 bpaynter@agric.wa.gov.au 
Phelps, David CSBP futurefarm Esperance (08) 9071 1246 david_phelps@csbp.wesfarmers.com.au 
Piper, Terry Agriculture Western Australia Northam (08) 9690 2000 tpiper@agric.wa.gov.au 
Platz, Greg Queensland Dept. of Primary Industries Warwick (07) 4661 2944 platzg@dpi.qld.gov.au 
Pol, Eddy Agritech Crop Research Mundaring (08) 9295 6661 epol@agritech.com.au 
Potter, Rob Murdoch University Perth  potter@central.murdoch.edu.au 
Poulsen, David Queensland Dept. Primary Industries Warwick (07) 4661 2944 poulsed@dpi.qld.gov.au 
Read, Barbara NSW Dept. Agriculture Wagga Wagga (02) 6938 1999 barbara.read@agric.nsw.gov.au 
Sharma, Dashan Agriculture Western Australia Geraldton (08) 9956 8512 Dsharma@agric.wa.gov.au 
Sharma, Shashi Agriculture Western Australia South Perth (08) 9368 3333 Ssharma@agric.wa.gov.au 
Shea, Greg Agriculture Western Australia Merredin (08) 9081 3111 gshea@agric.wa.gov.au 
Spann, Cliff Agriculture Western Australia Mt Barker (08) 9851 1427  
Tennant, David Agriculture Western Australia South Perth (08) 9368 3333 dtennant@agric.wa.gov.au 
Thackray, Debbie Agriculture Western Australia, CLIMA South Perth (08) 9368 3333 dthackray@agric.wa.gov.au 
Weeks, Cameron Mingenew/Irwin Group Inc Geraldton (08) 9964 2974 weeks@wn.com.au 
Wilson, Robin Agriculture Western Australia South Perth (08) 9368 3333 rwilson@agric.wa.gov.au 
Young, Kevin Agriculture Western Australia Esperance (08) 9083 1111 kyoung@agric.wa.gov.au 
 
